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FOREWORD 

This repor t  contains the  r e s u l t s  of North American Rockwell's analyses 
conducted under t he  Orbiting Lunar S ta t ion  F e a s i b i l i t y  and Defini t ion Study 
(phase A ) ,  Contract NAS~-10924, i n  accordance with l i n e  item 5 of t he  Data 
Requirements L i s t  ( D R L ~ )  . 

This repor t  i s  compiled i n  s i x  volumes f o r  ease of presentation,  
handling and r eadab i l i t y  of the  data i n  the  report .  I n  general,  each volume 
i s  a compilation of t he  data generated i n  a spec i f i c  phase of the  study, 

This i s  Volume 111 of the  repor t  and contains Orbiting Lunar S ta t ion  
(OLS ) overa l l  design c r i t e r i a ,  mission requirements, and subsystem require-. 
ments. In  addit ion,  requirements are  presented f o r  experiment provisions, 
crew and hab i t ab i l i t y  provisions, and docking provisions. 

Subsystem and provisions requirements are  categorized as funct ional  
or performance requirements. Rationales f o r  these  requirements are  pre- 
sented where t he  reasons f o r  these  requirements a re  not immediately obvious, 
Differences between representative and der ivat ive  OLS requirements are 
indicated where they  ex i s t .  

The documents comprising the  study repor t  are:  

Vohme I OLS Objectives 

Volume I1 mss ion  Operations and Payloads Analysis 

Volume 111 OLS Perf crmance Requirements 

Volume IV OLS Configuration and Subsystem Synthesis 

Volume V OLS Configuration Definit ion 

Volume V I  C ompar i s on of OLS Configurations 

iii 
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1.0 INTRODUCTION AND SUMMARY 

In  the  funct ional  analysis  task,  t he  Orbiting Lunar S ta t ion  (OLS) 
s c i e n t i f i c  and operational  objectives were analyzed, and t h e  supporting OLS 
functions were iden t i f i ed .  Systems analyses were then performed t o  determine 
t he  OLS preliminary design c r i t e r i a ,  including subsystems funct ional  and 
performance requirements supporting these  i den t i f i ed  OLS objectives and 
functions. These requirements, which include OLS overal l  design c r i t e r i a ,  
mission operational  requirements, and subsystem and provisions requirements, 
a re  presented i n  t h i s  volume. As the  objectives,  functions, and operational  
mode of t he  OLS are  s imi la r  i n  many respects t o  those of the  Earth Orbit Space 
S ta t ion  (EOSS), t he  EOSS Performance Specification,  SD 70-510-1, dated J u l y  
1970, was employed as a basel ine  model and checkl is t  i n  t he  determination and 
documentation of t h e  OLS system requ.irements. The EOSS design c r i t e r i a ,  
operational  requirements, and subsystems requirements were reviewed by t he OLS 
personnel and adopted, re jected,  or modified i n t o  applicable Phase A OLS pre- 
l iminary design requirements. These requirements were then supplemented w i t h  
t he  addi t ion of requirements unique t o  t he  lunar o rb i t  s i t ua t i on  and/ or 
required t o  support OLS objectives. The r e s u l t s  of these  e f f o r t s  are  presented 
i n  the  following sect ions  as OLS preliminary design requirements. 

The volume i s  divided i n t o  s i x  sections,  summaries f o r  which are  given 
below. These s i x  sections include: 

2.0 Overall Design Cr i t e r i a  
3.0 Mission Requirements 
4.0 Experiment Provisions Requirements 
5.0 Crew and Habi tab i l i ty  Provisions Requirements 
6.0 Docking Provisions Requirements 
7.0 Subsystem Requirements 

OVERALL DES IGN CR ITERM 

Overall OLS design c r i t e r i a  has been formulated based pr imari ly  on EOSS 
c r i t e r i a  i n  the  spec ia l  emphasis areas of long- l i fe  system assurance, onboard 
checkout and f a u l t  i so la t ion ,  t e s t  philosophies, and mater ia l  and flammability 
control. General OLS operab i l i ty  c r i t e r i a  has been es tabl ished i n  the  areas 
of r e l i a b i l i t y ,  maintainabil i ty,  use fu l  l i f e ,  environments, human performance, 
and t ranspor tab i l i ty .  System sa f e ty  c r i t e r i a  are  a l so  established.  This 
mater ia l  is  based primarily on mater ia l  developed during NR's Phase B EOSS 
study with modifications, pa r t i cu l a r l y  i n  t he  environments area, f o r  t he  
d i f f e r i ng  lunar environment. 
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l , 2  IVZTXS I O N  F3QUIREMENTS 

Design-to and operate-to OLS conditions are  defined. Operate-to- 
conditions include low-altitude ea r th  o rb i t s  of 200- t o  400-n m i  a l t i t udes  with 
ineZinations from 28.5 degrees t o  55 degrees during ea r th  o rb i t  checkout 
operations, and 60-n m i  c i r cu l a r  lunar o rb i t s  of a.ny inc l ina t ion .  The design- 
t o  lunar o rb i t  i s  60-11 mi polar.  The OLS baseline mission i s  described from 
countdown t o  OLS mission termination. 

1.3 EXPERIMENT PROVISIO~ REQUIREMENTS 

The funct ional  and performance requirements, operab i l i ty  requirements, 
and experiment provisions-to-subsystem in te r face  requirements are  defined 
t ogether with supporting ra t ionale .  Key requirements are  as follows : 

Floor area  required - 240 square f e e t  

Airlocks required - one, with provision f o r  handling 
of subsa t e l l i t e s  

Average experiment provisions power requirement - 4 kw 
Experiment provisions crew support requirement - 5 men 
working 10-hour days 

Daily average d i g i t a l  data r a t e  - 1 x 10' bps 

Data processing capab i l i ty  - 1 x 10" bpd 

Ephemeris accuracy requirements - 
Alti tude - + 330 f e e t ,  1 sigma 
In-track - + 850 f e e t ,  1 sigma 
Cross-track + 490 f e e t ,  1 sigma - 
Velocity - + 0.4% (25 fp s ) ,  rms 

1,4 CREW AND HABITABILITY PROVIS IONS REQUIREMENTS 

The funct ional  and performance requirements, operab i l i ty  requirements, 
and crew and hab i t ab i l i t y  provisions-to-subsystem in te r face  requirements are  
defined together with support ra t iona le .  The key requirement i s  : 

The OLS s h a l l  provide the  capab i l i ty  t o  support a nominal 
crew complement of e ight  crewmen with a maximum capabi l i ty  
t o  support 20 crewmen fox 55 days during periods of crew 
rotation/overlap, l o g i s t i c s  resupply, or lunar surf ace 
base rescue. 
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1 .5  DOCKING F'ROVIS IONS REQUIREMENTS 

The funct ional  and performance requirements, operab i l i ty  requirements, 
and docking provisions-to-subsystem in te r face  requirements a re  defined together 
with supporting ra t ionale .  Key requirements a re  as follows . 

1. The docking function s h a l l  be capable of precontact and 
contact alignment f o r  docking elements with t he  following 
ve loc i ty  and alignment: 

a. Axial ve loc i ty  (closing veloci ty)  up t o  0.5 fps  

b. Radial ve loc i ty  (cross-axis t r ans l a t i on  r a t e )  up t o  0.3 fps  

c. Angular ve loc i ty  (change of r a t e  i n  a t t i t u d e )  up t o  
0.5 degree per  second 

d. Radial alignment (cen te r l ine  miss distance) up t o  
+ 5 inches - 

e. Angular alignment (p i t ch  and yaw misalignment) up t o  
+ 4 degrees - 

f . Rotational  alignment ( r o l l  misalignment) s h a l l  be 
l imi ted t o  + 4 degrees - 

2. The representative OLS requires s i x  docking por t s  of which 
the  two a x i a l  core module por t s  a re  act ive .  

3. The der ivat ive  OLS requires a minimum of 13 docking por t s  
(4 operational  plus 9 assembly) on t he  two core module of 
which the  two a x i a l  por t s  on core module 1 B  are  act ive .  

4. Both OLS configurations require 4 ac t ive lac t ive  docking 
adapters. 

1 6 OLS SUBSYSTEM REQUIREMENTS 

Functional and performance requirements, operab i l i ty  requirements, 
and subsystem-to-subsystem in te r face  requirements of each OLS subsystem are  
defined together with supporting ra t ionale .  Key requirements i n  each OLS 
subsystem area are  as follows. 

1. Structures Subsystem (ss). 

Primary s t ruc ture  f ac to r s  of s a f e ty  f o r  unmanned launch: 

Ultimate = 1.50 
Yield = 1.20 
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Primary s t ruc ture  f ac to r s  of s a f e ty  f o r  manned operations 
i n  lunar  orbi t :  

Ultimate = 2.00 
Yield = 1.50 

Short duration or  t r ans i en t  loadings : 

Ultimate = 1.75 
Yield = 1.30 

The -X axis  docking po r t  of both t he  representa t ive  and 
der ivat ive  OLS configurations s h a l l  have su f f i c i en t  s t reng th  
t o  withstand the  3 8 ~ - ~ o u n d  t h r u s t  loads of a space tug  during 
o r b i t a l  maneuvers and a t t i t u d e  control .  

2, Environmental Control and Li fe  Support Subsystem (ECLSS). 
The OLS atmosphere storage and supply s h a l l  consis t  of a 
mixture of oxygen and nitrogen. The cabin atmosphere 
oxygen s h a l l  be maintained a t  a p a r t i a l  pressure of 3.1 p s i a  
minimum t o  3.5 p s i a  maximum. Nitrogen s h a l l  be used as t he  
atmosphere diluent.  The t o t a l  atmospheric pressure s h a l l  be 
maintained a t  a nominal 14.7 p s i a  with deviations t o  a 
mini- of 10.0 p s i a  allowable. 

3. E l e c t r i c a l  Power Subsystem (EPS). E l e c t r i c a l  power require-  
ments during t he  various phases of OLS operations d i f f e r  
s i gn i f i c an t l y  between t h e  representa t ive  and der ivat ive  OLS 
configurations as a r e s u l t  of operational  s e n s i t i v i t y  t o  t he  
modular concept. Both OLS configurations require  an average 
of 20 kw during normal manned lunar  o rb i t  operations. 

4. Information Subs ys tem ( ISS ) . External  communications s h a l l  
provide communication l inks  between t he  OLS and ea r th  
o r b i t a l  and ground elements and between t he  OLS and other 
lunar  program elements. Continuous voice communication 
with elements not i n  line-of-sight i s  not required. Use of 
data  r e l a y  s a t e l l i t e s  w i l l  provide continuous capabi l i ty .  
Capabil i ty t o  communicate with and obtain biomedical and 
por table  l i f e  support subsystem data  from EVA crewmen s h a l l  
be provided. 

5. Guidance and Control Subsystem (G&c). The OLS G&C s h a l l  be 
capable of maintaining s t a t i o n  axes f ixed  with respect  t o  
i n e r t i a l  coordinates i n  X-POP i n e r t i a l  f l i g h t  mode within 
+ 0.25 degree. - 
The s t a t i o n  a l s o  s h a l l  be capable of operating i n  a f i n e  
pointing mode f o r  periods up t o  30 minutes, with the  
v e r t i c a l  f i e l d  within + 0.1 degree. - 
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The OLS G&C s h a l l  be capable of l imiting angular rates  
about the vehicle axes t o  0.05 degree per second 
continuously and t o  0.01 degree per second i n  the f ine  
pointing mode. 

6. Reaction Control Subsystem (RCS) . The RCS s h a l l  be 
capable of providirrg forces fo r  orb i t  maintenance. The 
RCS s h a l l  be capable of providing the control torques and 
forces required fo r  OLS maneuvers. The RCS s h a l l  s ize 
cryogenic gases and subsatel l i te  propellant storage f o r  
180 days of normal operations. 

7. Environmental Protection Subsystem (ENPS) . The ENPS s h a l l  
provide thermal protection t o  the OLS t o  limit the mini 
in ter ior  wall and equipment surface temperatures t o  57 F, 
The ENPS s h a l l  provide micrometeoroid protection t o  a 
probabili ty of 0.9 of no micrometeoroid penetration of 
crew or systems compartments for  10 years. The ENPS s h a l l  
provide the required shielding of a solar  storm shel te r  
t o  protect the crew from the radiation of solar  f l a r e  
events. 
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2.0 OVERALL DESIGN CRITERIA 

This sect ion presents the  overa l l  design c r i t e r i a  of the  Orbiting Lunar 
Stat ion.  The major categories included i n  the  discussion are:  design criteria, 
operabi l i ty ,  system safety ,  and general guidelines and constraints .  

2.1 DESIGN CRITERIA 

2.1.1 Long-Life System Assurance 

Ground Rules 

1. Non t ime-cr i t i ca l  functions ul t imately  c r i t i c a l  t o  crew survival  
require standby redundancy as a m i n i m .  

2. Subsystem or component f a i l u r e  s h a l l  not propagate sequent ia l ly ;  
equipment s h a l l  be designed t o  f a i l  safe .  

3. Redundant paths, such as f l u i d  l i ne s ,  e l e c t r i c a l  wiring, 
connectors, and explosive t r a i n s ,  s h a l l  be located t o  ensme 
t h a t  an event t h a t  damages one l i n e  i s  not l i k e l y  t o  damage 
the  other. 

4. Replacea'ble un i t s  w i l l  be designed t o  permit d i r ec t  v i sua l  
and physical  access by t he  crew with connectors and couplings 
f o r  ease of removal/replacement . Precision elements w i l l  be 
provided with su i tab le  guides and locking devices t o  a id  i n  
replacement. 

C r i t e r i a  

1. Man-machine in te r face  compatibil i ty should be considered t o  
eliminate or  reduce human e r ro r  potent ia ls .  

2. Specia l  too l s  f o r  repa i r s  or  replacement s h a l l  be kept t o  a 
minimum. 

3. Hardware design s h a l l  consider state-of-the-art f o r  material  
se lec t ion  such t h a t  wear of t h i s  mater ia l  w i l l  not degrade 
performance beyond acceptable tolerances f o r  subsystem or 
s t r u c t u r a l  performance. 
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C- - , . : 2 Cjr-b oard Checkout and Faul t  I s  o la t ion - 
Ground Rules 

2 ,  Ground Par t i c ipa t ion  i n  OnBoard Checkout ( OBCO) . The onboard 
checkout function should be accomplished by autonomous 
capab i l i ty  onboard t h e  OLS with @;round bac- on an as-required 
basis .  Confidence i n  a l l  hardware, software, and crew opera- 
t ions  w i l l  be obtained during t he  i n i t i a l  phases of t he  program 
when resources w i l l  be avai lable  f o r  i n i t i a l  launches and 
program evaluation. 

2, Automation of Onboard Checkout Function as It Effects  Crew 
Par t ic ipat ion.  A high degree of automation s h a l l  be provided. 
Complete automation of t he  monitoring and alarm, s e l f - t e s t ,  
and f a u l t  i sola t ion/detect ion necessary f o r  crew s a f e t y  a re  
required. Substant ia l  automation should be provided on a 
cost  ef fect ive  bas i s  f o r  the  remaining subfunctions ( i .e . ,  
f a u l t  predic t ion,  detection,  i so l a t i on  and c e r t i f i c a t i o n  
f o r  noncr i t i ca l  s a f e ty  items, cal ibra t ion,  and record keeping). 

3. Integrat ion of Checkout Function In to  Information Subsystem 
(ISS). The checkout function s h a l l  be in tegrated i n t o  t he  ISS. 

4, Location of ISS Data Acquisition Equipment Relative t o  Space 
Statiorl gubsystems. The acquis i t ion and d i s t r i bu t i on  sub- 
assemblies (remote acquis i t ion and control  un i t s ,  RACU) should 
be located as close as possible t o  the  source transducer. The 
RACU should be b u i l t  i n t o  t he  in - f l igh t  replacement u n i t  (IFRu) 
where t h e  number of measurements and complexity of the  IFRU 
j u s t i f y  t h i s  approach. 

Criteria 

1, The OBCO function s h a l l  monitor the  s t a tu s  of t he  in - f l igh t  
replacement un i t s  within t he  subsystem of the  OLS t o  the  
degree necessary t o  detect  impending or ac tua l  malfunctions. 

2, The OBCO function s h a l l  be able t o  t r ace  ( i . e . ,  i s o l a t e )  t h e  
cause of detected malfunctions t o  t he  f a i l e d  IFRU causing 
t he  malfunction. 

3. For those malfunctions and f a i l u r e s  t h a t  may r e s u l t  i n  time- 
c r i t i c a l ,  hazardous or emergency s i tua t ions  f o r  t h e  crew, t h e  
OBCO function s h a l l  be capable of automatically ( I )  detect ing 
t he  malfunction, (2)  t rac ing  the  f a i l u r e  t o  the  IFRU, (3) 
switching t he  necessary subsystem t o  an a l t e rna t ive  s a f e  
operational  mode i f  available,  (4) warning t he  crew of the  
existence of an emergency s i t ua t i on  i f  it s t i l l  ex i s t s ,  and 
(5) presenting the  crew with the  necessary information con- 
cerning the  malfunction, the  f a i l u r e ,  t he  act ion taken by  
the  OBCO function, and t he  correct ive  act ion required by the  crew. 
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4. For those malfunctions and f a i l u r e s  f o r  which t h e  OBCO 
function has determined (by t rac ing  f a i l u r e s  i n  i t s  auto- 
matic mode of operation) t h a t  no t ime-cr i t ica l ,  hazardous 
or emergency s i tua t ions  ex i s t ,  t h e  OBCO function s h a l l  
e i t he r  automatically or  by using man-in-loop (1) detect  t he  
malfunction, (2) t r a ce  t he  f a i l u r e  t o  t he  IFRU, (3)  caution 
t he  crew t h a t  an impending or ac tua l  malfunction has occurred, 
and (4) present t h e  crew with the  necessary information 
describing t he  malfunction and t he  fu r ther  act ion required by 
t he  crew t o  t race ,  correct ,  or  otherwise overcome the  mal- 
function. 

5. Tracing of f a i l u r e s  by t he  OBCO function s h a l l  cease a t  the  
l a rge s t  subassembly consistent  with (1) determination of 
f a i l e d  subasserriblies which can be replaced or  repaired by 
in - f l igh t  maintenance, (2) determination t h a t  a l l  f a i l e d  sub- 
assemblies or IFRU's causing t he  malfunction have been 
iden t i f i ed ,  and (3) determination t h a t  no t ime-cr i t i ca l  or  
hazardous s i t u a t i o n  may be i den t i f i ed  by t rac ing  t o  a lower 
level .  

6 .  The OBCO function s h a l l  be capable of detecting malfunctions 
and f a i l u r e s  a r i s ing  within t he  ISS performing t he  OBCO 
function. Al l  sensor or other f a i l u r e s  i n  t he  IFRU's s h a l l  
f a i l  safe  (i. e., w i l l  not ind ica te  a malfunction i n  other 
IFRU'S) . 

7. The information subsystem (ISS ) performing OBCO s h a l l  be 
maintainable. The ISS s h a l l  be redundant where maintenance 
i s  not possible or  where a f a i l u r e  i n  t he  OBCO function may 
leave undetected a t ime-cr i t i ca l ,  hazardous or emergency 
s i tua t ion .  

8. The OBCO function s h a l l  be capable of checking out the  opera- 
t i o n  of a subsystem following maintenance. The checkout s h a l l  
be capable of being performed without inducing f a i l u r e s  leading 
t o  hazardous s i tua t ions  i f  t he  maintenance act ion has been 
incor rec t ly  performed. I n  the  event of the  subsystem mal- 
functioning, the  e r ro r  i n  t he  maintenance act ion s h a l l  be 
t raced  and the  information presented t o  the  crew. 

2.1.3 Test Philosophies 

Al l  development requirements resu l t ing  from new designs w i l l  'be 
s a t i s f i e d  by e i t h e r  analysis ,  development t e s t s ,  or a conibination of both, I n  
those cases requiring resolut ion by  t e s t ,  t he  following c r i t e r i a  w i l l  apply, 
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Development Test C r i t e r i a  

1. The establishment of a data bank and the  determination and 
ve r i f i c a t i on  of checkout and operational  procedures w i l l  be 
a requirement of the  subsystem development program. 

Rationale - During development t e s t i ng ,  t he  parameters t h a t  
most c l ea r ly  indicate  the  s ta tus  of the  subsystem and/or 
component being t e s t ed  w i l l  be established.  These data  w i l l  
be incorporated i n t o  the  data bank f o r  use i n  checkout 
procedures. 

2 ,  Maintenance concepts and procedures w i l l  be developed on the  
subsystem development program and ve r i f i ed  on t he  mission 
support vehicle. 

Rationale - The mission support vehicle configuration w i l l  
be maintained both physical ly  and funct ional ly;  therefore ,  
maintenance concepts and procedures as appropriate with one 
g can be ver i f i ed .  

3 .  St ruc tura l  t e s t i n g  w i l l  v e r i fy  a s a t i s f ac to ry  design margin 
f o r  operational l imi t s .  

Rationale - To reuse major s t r uc tu r a l  t e s t  a r t i c l e s  i n  sub- 
sequent t e s t  operations, des t ruct ive  t e s t i n g  of major 
s t r uc tu r a l  t e s t  a r t i c l e s  w i l l  be avoided. Tests performed 
on major s t r uc tu r a l  t e s t  a r t i c l e s  w i l l  not exceed ult imate.  

4, A l l  primary s t ruc ture  and s t r u c t u r a l  in terfaces  between 
program elements w i l l  be s t a t i c a l l y  and dynamically 
ve r i f i ed  by t e s t ,  analysis ,  or a combination thereof. 

Rationale - Adequate tool ing and/or fit-check f i x tu r e s  
w i l l  be used t o  demonstrate physical  mating of a l l  program 
elements p r io r  t o  i n i t i a l  launch t o  ensure operational  
compatibil i ty with the  orbi t ing s ta t ion .  These same too ls  
and/or f ix tu res  w i l l  be used t o  ve r i fy  t h e  compatibil i ty 
of subsequently launched elements with ex i s t ing  elements. 

5. The i n i t i a l  onboard checkout capab i l i ty  and i t s  software 
w i l l  be ver i f i ed  using the  compatibil i ty mockup (CMLT) . 
Subsequent capab i l i t i e s  and t h e i r  hardware w i l l  be ve r i f i ed  
on the  mission support vehicle. 

Rationale - To use the  onboard checkout system as a checkout 
too l ,  the  subsystem software must be ve r i f i ed  p r io r  t o  i t s  
operational use. The MSC or  CMU w i l l  be a pa r t  of t h i s  
function. 
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6. Mission-life t e s t s  w i l l  be based upon resupply considerations 
and multiples thereof ra ther  than t o t a l  l i f e  expectancy of 
10 years. Another p o s s i b i l i t y  i s  scheduled maintenance periods 
or mult iples of these  periods. 

Rationale - To support program guidelines of a 1983 launch, 
it i s  impossible t o  use c l a s s i c  l i f e  t e s t s  ( i . e . ,  two times 
mission l i f e  plus one ground cycle. These data  a r e  l og i ca l  
bas i s  f o r  mission-life t es t ing .  

7. A l l  subsystem development t e s t i n g  w i l l  include a teardown 
and inspection phase. The degree of teardown and inspection 
w i l l  be individual ly  defined f o r  each subsystem. 

Rationale - Incipient  f a i l u r e s  may not be  i den t i f i ed  during 
the  ac tua l  t e s t  conduct; theref  ore, a  subsequent inspection 
of the  t e s t  hardware i s  j u s t i f i e d  t o  i d e n t i f y  those areas 
where high wear or other po t en t i a l  f a i l u r e  modes may exis-t, 
These data may be applied t o  subsequent malfunction 
invest igat ions .  

Qual i f ica t ion Test C r i t e r i a  

1. The requirement f o r  a qua l i f i ca t ion  program a t  t he  component 
or subassembly l e v e l  w i l l  be l imi ted t o  se lected components 
f o r  which r e a l i s t i c  acceptance environment cannot be es tabl ished 
without impairing subsequent performance. 

Rationale - Component-subassembly performance spec i f ica t ions  
used f o r  f l i g h t  hardware acceptance w i l l  include r e a l i s t i c  
operational  environment charac te r i s t i cs  t h a t  must be met. 

2. The qua l i f i ca t ion  t e s t s  a t  t h e  subsystem l e v e l  w i l l  be f o r  
the  purpose of ver i fying in te r faces  and in te rac t ions  with 
other subsystems and with t he  Information Management system/ 
Onboard Checkout a t  t he  funct ional  l i m i t s  and i n  normal 
operation including a l t e rna t e  and redundant modes. 
Environmental t e s t i n g  w i l l  not be required. 

Rationale - Because there  i s  no d i s t i nc t i on  between qua l i f i ca t ion  
and f l i g h t  hardware, t h e  components and subassemblies t h a t  eom- 
p r i s e  a subsystem w i l l  have been acceptance-tested as f l i g h t  
hardware and exposed t o  operational  environments. The i n t e r -  
faces between components-subasserriblies w i l l  be func t iona l ly  
ve r i f i ed  i n  the  subsystem qua l i f i c a t i on  t e s t s  but  w i l l  r e l y  
upon good design and physical  inspection f o r  environmental 
s u i t a b i l i t y .  
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Acceptance Test Control 

. Acceptance t e s t s  a t  the  component-subassembly (defined as 
the  l e v e l  p r io r  t o  i n s t a l l a t i o n  i n  a complete subsystem or vehicle) l e v e l  w i l l  
include f l i g h t  l e v e l  environments plus a margin t o  ensure t h a t  the  accepted 
iGem w i l l  perform i t s  required function i n  the  operational environment a t  i t s  
ant ic ipated extremes. 

Rationale - I f  a r e a l i s t i c  assessment of the  operational environment 
and adequate performance margins are  incorporated i n t o  the requirements of 
t h e  acceptance spec i f ica t ion  a t  the  component-subassenibly level ,  the need f o r  
formal w a l i f i c a t i o n  t e s t i n g  a t  t h i s  l e v e l  can be eliminated. 

1. Acceptance t e s t i ng  a t  the  subsystem l e v e l  ( i n s t a l l ed  i n  program 
element) w i l l  include a demonstration of a l t e rna t  elredundant 
modes of operation, together with the malfunction switching 
logic,  by exercising subroutines inherent t o  the  onboard 
checkout capabil i ty.  Wherever possible,  alternate-redundant 
path checkout capabil i ty,  v i a  malfunction simulation, w i l l  
be an inherent subsystem checkout fea ture  accomplished with- 
out disturbing the  f l i g h t  configuration. 

Rationale - Acceptance of a subsystem end-item by the  prime 
contractor i s  not complete u n t i l  alternate-redundant modes 
of operation have been successfully demonstrated. This same 
philosophy w i l l  apply a t  the  system l eve l  primarily t o  ver i fy  
a l l  functional interfaces  and t o  ve r i fy  t h a t  the  onboard 
checkout capabi l i ty  w i l l  a'dequately s t a tu s  a l l  modes of 
operation by means of appropriate subroutines. 

2, Each subsystem t e s t  program w i l l  include subsystem accept- 
ance t e s t s  p r io r  t o  i n s t a l l a t i on .  Subsystem performance 
w i l l  be t o  the  same operational ranges expected i n  f l i g h t .  
Dynamic interfaces  with other subsystems w i l l  be simulated 
with bench l e v e l  equipment. 

Rationale - These t e s t s ,  performed with f l i g h t  hardware, 
w i l l  minimize the t o t a l  t e s t  e f f o r t  on the  f l i g h t  vehicle 
necessary t o  demonstrate i t s  f l i g h t  readiness. 

3 ,  Electromagnetic compatibil i ty w i l l  be established a t  the  
design l eve l  and ve r i f i ed  i n  the  normal t e s t  and checkout 
sequence. 

Rationale - Integrated t e s t s  i n  t he  development and accept- 
ance cycle w i l l  v e r i fy  t h a t  no electromagnetic interference 
problems ex is t .  
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4. Vacuum t e s t i n g  of a complete program element (OLS core 
module, cargo module, e tc .  ) w i l l  not be required. 

Rationale - Development-acceptance vacuum t e s t s  a t  t h e  sub- 
modular or  modular assembly l e v e l  a r e  now s u f f i c i e n t  with 
t h e  current  state-of-the-art.  The e n t i r e  s t r uc tu r e  w i l l  
undergo pneumostat t e s t s  followed b y  per iodic  pressure 
checks. 

5. Acceptance of subsystems or  IFRU's not operating during 
launch w i l l  include funct ional  t e s t s  a f t e r  being subjected 
t o  t he  simulated launch environment (must survive launch 
environment as packaged and then funct ion properly).  

Rationale - In  t he  establishment of acceptance c r i t e r i a ,  
consideration w i l l  be given t o  operating versus passive 
modes. An example i s  t h e  so l a r  arrays  - launch environment 
w i l l  be applied i n  the  stowed configuration,  not i n  t h e  
deployed configuration. 

6 .  The onboard checkout capab i l i ty  w i l l  be used as a ba s i s  of 
acceptance t e s t i n g  f o r  t he  OLS end item. 

Rationale - Recognizing t h a t  t he  IMS i s  designed f o r  o r b i t a l  
checkout, the  onboard checkout capab i l i t y  w i l l  be adequate 
f o r  acceptance t e s t i n g  a t  t he  IFRU l e v e l  during factory- 
prelaunch t e s t i ng .  This w i l l  r e s u l t  i n  a s i gn i f i c an t  
reduction i n  the  ground t e s t  time and Ground Support 
Equipment (GSE) requirements. 

Operational ,Test C r i t e r i a  

1. There w i l l  be no development f l i g h t ( s )  of a complete OLS, 
Any launch of t he  s t a t i o n  w i l l  r e s u l t  i n  OLS operations. 

Rationale - I f  a completely configured s t a t i o n  i s  successful ly  
launched, the re  i s  no reason not t o  make it i n t o  an operational  
f a c i l i t y .  P a r t i a l l y  configured vehicles w i l l  be launched t o  
v e r i f y  design adequacy i f  required. 

2. Eacn subsystem i n i t i a l l y  i n s t a l l e d  i n  t h e  OLS or replaced i n  
f l i g h t  w i l l  have t he  capab i l i ty  of having subsystem functions 
and associated in te r faces  v e r i f i e d  p r i o r  t o  going on-line. 

Rationale - The operation of the  OLS could be degraded by an 
IFRU t h a t  has l o s t  some funct ional  capab i l i ty  because of 
(1) the  l o g i s t i c s  f l i g h t  environments or (2 )  long-range storage 
( e i t h e r  on t h e  ground or aboard t he  OLS). To preclude t he  
p o s s i b i l i t y  of d isrupt ing OLS operations, t he  IFRU must be 
ve r i f i ed  t o  be i n  good operational  condit ion before going 
on-line. 
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3, A l l  new and/or modified subsystems supplied v i a  the  resupply 
system w i l l  have su f f i c i en t  OBCO t e s t  programs (subroutines) 
developed, qual i f ied ,  and supplied with the  new equipment. 

Rationale - Design changes may r e s u l t  i n  OBCO t e s t  program 
qsubroutine) changes t h a t  cannot be developed aboard an 
orb i t ing  lunar s ta t ion .  The proper place f o r  such develop- 
ment i s  a su i tab le  computer program plus mission support 
vehicle ac t i v i t y .  

4, E l e c t r i c a l  power w i l l  be applied continuously from f ac to ry  
checkout (subsystems i n s t a l l e d  i n  core module) through 
o r b i t a l  l i f e .  During t ranspor t  from the  fac tory  t o  t he  
launch s i t e ,  subsystems w i l l  have the  capab i l i ty  of remaining 
act ivated.  

Rationale - Transporting upright by barge f o r  30 days, the  
onboard checkout system w i l l  demonstrate continuous sub- 
systems s ta tus ing  and maintenance-repair concepts during 
ground operations. 

5, The onboard checkout capab i l i ty  w i l l  be used as a bas i s  of 
acceptance t e s t i n g  f o r  t he  OLS end items. 

Rationale - Recognizing t h a t  t he  1% i s  designed f o r  o r b i t a l  
checkout, the  onboard checkout capab i l i ty  w i l l  be adequate 
f o r  acceptance t e s t i n g  a t  t he  IFRU l e v e l  during factorylpre-  
launch t e s t i ng .  This w i l l  r e s u l t  i n  a s i gn i f i c an t  reduction 
i n  ground t e s t  time and GSE requirements. 

6, Onboard ca l i b r a t i on  of subsystem and t e s t  equipment f o r  
o r b i t a l  operations w i l l  be used f o r  f a ~ t o r y l ~ r e l a u n c h  ground 
operations t o  maintain the  OLS. 

Rationale - IMS checkout-maintenance capab i l i t i e s  f o r  o r b i t a l  
work w i l l  be fu r the r  u t i l i z e d  during ground operations t o  
reduce t e s t  times, repa i r  times, and t he  need f o r  GSE. 

7. Interfaces  of t he  OLS with the  corresponding f a c i l i t i e s  and 
launch vehicles (INT-21, S-V) w i l l  be standard and cen t r a l l y  
located wherever possible.  

Rationale - Minimum modifications between launch vehicles and 
t he  various modules and payloads w i l l  be required t o  support 
1983 launch ra tes .  Wnimum f a c i l i t y  turnaround times w i l l  
a l s o  be required t o  support 1983 budgets and ra tes .  

8. It i s  des i rable  t h a t  a l l  electrical-mechanical in te r faces  
f o r  unmanned payloads go through a s ing le  umbilical.  A t  
t h e  launch complex, a l l  personnel access w i l l  be across t he  
umbilical  swing arm. 
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Rationale - No mobile support s t ruc ture  would be required 
f o r  unmanned payloads. 

9. A l l  physical  and funct ional  in te r faces  between OLS elements 
w i l l  be ve r i f i ed  by t e s t ,  analys is ,  or a combination thereof ,  

Rationale - The mission support vehicle w i l l  be used t o  
demonstrate physical  and funct ional  mating of a l l  the  OLS 
elements p r io r  t o  launch. 

2.1.4 Material and Flammability Control 

To control  f i r e  and t o x i c i t y  hazards resu l t ing  from the  use of organic 
mater ia ls ,  t o  an acceptable l eve l ,  t he  c r i t e r i a  i n  the  following paragraphs 
s h a l l  be used i n  considering mater ia l  se lect ions  and cctnfigurations i n  the  
OLS study. These c r i t e r i a  a l so  s h a l l  be imposed i n  any discussions with 
equipment or subsystem suppliers or subcontractors. 

Material Select ion - Pressurized Areas 

1. Flammability, General. Materials proposed f o r  extensive use 
s h a l l  be self-extinguishing i n  a l l  atmospheric conditions 
allowed by Table 1 of NASA MSC-00141, Guidelines and Constraints 
Document. To u t i l i z e  ex i s t ing  flammability data,  materials 
s h a l l  be se lected from those c l a s s i f i ed  as self-extinguishing - - 

i n  a 100-percent atmosphere, 5-psia pressure, minimum, as 
t e s t e d  per Reference 1 or 2. Flammability ra t ings  of most 
candidate non-metallic materials  are  l i s t e d  i n  References 3 
and 4. I f  the  function,  cost ,  or p roduc ib i l i ty  would be 
c r i t i c a l l y  affected by these r e s t r i c t i ons ,  materials  may be 
considered which are  c l a s s i f i ed  as self-extinguishing i n  a i r  
a t  e a r t h  atmospheric pressure per  ASTM D-568, or nonburning 
i n  a i r  per  ASTM D-635, or self-extinguishing i n  a i r  a t  14.7 ps i  
( ~ e f e r e n c e  4) .  

2. Flammability, Minor Exposed Areas. The requirements f o r  
materials  used i n  small local ized areas may be relaxed t o  
permit a se lec t ion  from those c l a s s i f i ed  as slow burning 
(e.g., r a t e  of flame propagation t o  be l e s s  than 0.3 inch 
per  minute when t e s t e d  per  Reference 1). 

3. Outgassing and Odor. Materials se lected s h a l l  be r e s t r i c t e d  i n  
t he  amount of organic material ,  CO, and odor-producing 
products emitted as t e s t e d  and l imi ted per  Reference 2. 
Ratings of many candidate materials  a re  shown i n  References 
3 and 4. Judicious use of small quan t i t i es  of materials  
f a i l i n g  t o  meet these  requirements may be permitted. 

4. Smoke. Materials se lec ted  s h a l l  have a low l e v e l  of smoke 
emission when subjected t o  heat or i gn i t i on  sources. A 
maxinnun smoke accumulation r a t i n g  (DM) of 16 s h a l l  be used as 
a mater ia l  se lec t ion  c r i t e r ion .  Test methods and ra t ings  of 
various i n t e r i o r  furnishing materials  are  l i s t e d  i n  Reference 5, 
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Material Select ion - Eonpressurized Areas 

1. Flammability. Because of normal hazards associated with 
fabr icat ion,  checkout, and launch, materials  se lec ted  s h a l l  
be c l a s s i f i e d  as self-extinguishing or nonburning i n  a i r  
per  ASTM t e s t  procedures. 

2, Weight Loss. Polymeric materials  t h a t  have a weight l o s s  i n  
vacuum of more than one percent when t e s t e d  per  References 6 
and 7 s h a l l  be avoided. Reference 7 may be used as  a guide 
f o r  c l a s s i f i c a t i on  and se lec t ion  of candidate materials .  

3, Vola t i l e  Condensable Material.  Polymeric materials  t h a t  have 
a VCM content of g rea te r  than 0.1 percent when t e s t e d  per  
References 6 or  7 should be avoided when adjacent exposed 
funct ional  surfaces may be affected by condensed polymeric 
materials .  Reference 7 may be used t o  s e l ec t  materials  t h a t  
meet these  requirements. 

Configuration Control 

1, E l e c t r i c a l  cables s h a l l  not be exposed i n  the  inhabited port ions 
of the  s t a t i o n  but s h a l l  be protected by routing i n  covered 
t rays ,  conduit, e tc . ,  t o  prevent chafing, short ing,  breaking, 
and loosening of connections during normal a c t i v i t i e s  or  
maintenance. Protective t r ays  or  conduit s h a l l  be non- 
conductive or  s h a l l  be l i ned  t o  prevent danger of chafing of 
insu la t ion  and possible shorting. 

2 ,  Conduits, wire t rays ,  and passages such as u t i l i t y  tunnels 
s h a l l  be designed t o  prevent c i rcu la t ion  of hot gases and 
smoke or propagation of flames between major coqar tments  
i n  t he  event of f i r e  i n  one. Provisions f o r  permanent or  
automatic f i r e ,  fume, and smoke b a r r i e r s  s h a l l  be considered. 

3. Conduits, u t i l i t y  tunnels,  environmental control  ducting, 
e tc . ,  s h a l l  be designed t o  prevent t he  accumulation of dust 
or  other debris. Provisions f o r  inspection and cleaning 
s h a l l  be provided. 

4, Storage of flammable materials ,  such as consumables, waste 
material ,  experiment supplies,  e tc . ,  s h a l l  be i n  containers 
insula ted from po t en t i a l  sources of i gn i t i on  and s o  constructed 
t o  prevent propagation of f i r e  t o  other s t ruc ture  or  equipment 
i f  i gn i t i on  of t he  contents occur. 

5. Compartments and equipment s h a l l  be designed f o r  t he  introduction 
of f i r e  extinguishing nozzles i n  the  event of f i r e  i n  wiring or  
s t ruc ture  concealed behind equipment or panels. F i r e  extinguish- 
ing equipment, e i t h e r  automatic or manually operated, s h a l l  be 
accessible t o  a l l  pressurized areas of the  s t ruc ture .  
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2.2 OPERABILITY 

2.2.1 R e l i a b i l i t y  

A l l  OLS subsystems s h a l l  meet t h e  following r e l i a b i l i t y  requirements:: 

Normal capab i l i ty  - no measureable 
reduction i n  performance 

Nurriber of Failures* 

F u l l  capab i l i ty  f o r  crew s a f e t y  and 
performance of most experiments 

Subsystems Effect  - 

F u l l  capab i l i ty  f o r  crew safety .  This 
s i t ua t i on  can allow lo s s  of capab i l i ty  
t o  perform experiments. 

*Failure as used here r e f e r s  t o  any i n f l i g h t  replaceable un i t  
(IFRu) or component inoperative because of malfunction or 
maintenance. 

1. Capabil i ty s h a l l  be provided f o r  performing c r i t i c a l  functions 
a t  a nominal l e v e l  ( a )  with any s ing le  component f a i l e d  or 
(b) with any por t ion of the  subsystem inact ive  f o r  maintenance, 
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2 ,  Capabi l i ty  s h a l l  be provided f o r  performing c r i t i c a l  functions 
a t  a reduced l e v e l  ( a )  with any credible  combination of two 
component f a i l u r e s  or  ( b )  with any credible  combination of a 
por t ion  of t h e  subsystem inac t ive  f o r  maintenance and a 
f a i l u r e  of a component i n  t h e  remaining subsystem func t iona l  
elements. 

3 ,  Nontime c r i t i c a l  functions u l t ima te ly  c r i t i c a l  t o  crew 
survival ,  require  standby redundancy as a minimum. 

4. Subsystem or component f a i l u r e  s h a l l  not propogate 
sequent ia l ly ;  equipment s h a l l  be designed t o  f a i l  safe .  

5. Redundant paths,  such as f l u i d  l i n e s ,  e l e c t r i c a l  wiring, 
and connectors, s h a l l  be located  s o  t h a t  an event t h a t  
damages one l i n e  i s  not l i k e l y  t o  damage t h e  other. 

6. Conservative f a c t o r s  of s a f e t y  s h a l l  be provided where 
c r i t i c a l  s ing le  f a i l u r e  point  modes of operat ion cannot 
be el iminated (pressure vesse l s ,  pressure  l i n e s ,  valves,  e t c .  ) . 

1. Capabi l i ty  s h a l l  be provided t o  i s o l a t e  those segments of t h e  
subsystem t h a t  require  r e p a i r ,  replacement, or se rv ic ing  such 
t h a t  t h e  c r i t i c a l  subsystem functions remain active, and hazard 
t o  personnel and contamination of t h e  environment or sub- 
system i s  prevented. 

2 ,  Replaceable u n i t s  w i l l  be designed t o  permit d i r e c t  v i s u a l  
and physica l  access. Access f o r  c r i t i c a l  functions s h a l l  
consider a pressure-suited crew. Connectors and couplings 
w i l l  be provided f o r  ease of removal-replacement. Precis ion 
elements w i l l  be provided with s u i t a b l e  guides and locking 
t o  a i d  i n  replacement. 

3, Provision s h a l l  be made f o r  adjustment, maintenance, 
ca l ib ra t ion ,  r e p a i r  and replacement without t o o l s  where 
p r a c t i c a l ,  s tandard t o o l s  where necessary, and s p e c i a l  
too l s  where e s s e n t i a l .  

4. Design fea tu res  of t h e  i n f l i g h t  replacement l e v e l  and sub- 
system physica l  i n  place in te r faces ,  s h a l l  consider p o t e n t i a l  
wear and damage caused by mult iple replacements. 

5. Age-sensitivie mater ia ls  w i l l  be avoided or  p ro tec ted  f o r  
minimum degradation. 

6. Provisions s h a l l  be made f o r  movement of equipment and 
mater ia l  v i a  t r acks ,  guides, or other const ra in ing devices 
with space and f r i c t i o n  controls  t o  minimize p o t e n t i a l  
damage t o  adjacent  areas and hazard t o  personnel. 
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7. Design of hardware spec i f i c a l l y  required f o r  crew habit- 
a b i l i t y  s h a l l  provide conservative fac tors  of s a f e t y  both 
i n  construction and mechanical securing. 

8. Subsystem hardware s h a l l  be designed f o r  sh i r t s leeve  or 
IVA maintenance, both scheduled and unscheduled. 

2.2.3 Useful Life  

1. The OLS s h a l l  be designed f o r  a minirmun operational  l i f e  of 
10 years with resupply of consumables and replaceable items 
of equipment. This operational  l i f e  may be obtained through 
long-life design and in-place redundancy f o r  c r i t i c a l  equip- 
ment whose f a i l u r e  could disable the  OLS or imperil  t he  crew, 

2. Age-sensitive materials  w i l l  be avoided or protected f o r  
minimum degradation. Consideration s h a l l  be given t o  s t a t e -  
of-the-art f o r  mater ia l  se lec t ion  and r e l a t ed  design character- 
i s t i c s  such t h a t  wearout w i l l  not degrade performance beyond 
acceptable to le rance(s )  within subsystem l i f e  cycle requirements, 

Environments 

Induced 

Any OLS induced environmental model i s  a strong funct ion of t he  na tura l  
environmental c r i t e r i a  presented i n  NASA TMX-53685, the  OLS configuration, 
and t he  t r a j e c t o r y  and operational  charac te r i s t i cs  of the  launch vehicles 
employed. Since a t  the  Phase A l e v e l  it i s  not possible t o  define the  launch 
vehicle t h a t  w i l l  be e q l o y e d  t o  boost the  OLS i n t o  ea r th  o rb i t ,  i t s  t r a j e c t o r y  
or operational  charac te r i s t i cs ,  an induced environmental model cannot now be 
es tabl ished f o r  the  OLS. 

Natural 

The na tura l  environment c r i t e r i a  f o r  the  OLS from ground operations 
through lunar o rb i t l lunar  surface operations i s  specif ied i n  NASA TMX-53865, 
"Natural Environment Cr i t e r i a  f o r  t he  NASA Space S ta t ion  Program" (second 
Edit ion,  August 20, 1970). A 'brief out l ine  i s  presented below of the  
applicable na tura l  environment c r i t e r i a  given i n  NASA TMX-53865. 

Section I 

Paragraph No. 

Pre-Launch, Launch and In f l i gh t  
Environment 

T i t l e  

Gas Propert ies 
Winds 
Additional Information 
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Section I1 

Section IV 

T i t l e  

Earth Orbital  Environment 

Atmospheric Gas. Properties 
Ionosphere 
Radiation 
Meteoroid Environment 
Geomagnetic Environment 
Solar Cycle Predictions 
Astrodynamic Constants 

Lunar Environment 

Atmospheric Environment 
Gas Properties 
Radiation Environment 
Meteoroid Environment 
Geomagnetic Environment 
Astrodynamic Constants of the Moon* 
Lunar Surface 
Optical Properties 
Additional Information 

The R2 and L5 lunar gravi tat ional  models used f o r  Phase A OLS orb i ta l  
analysis were adequate f o r  the purpose, but future work should use the LM-1 
model, 

2,2,5 Human Performance 

Fl ight  Crew 

The OLS s h a l l  be under the  authoritative control of one man who i s  
respons5ble f o r  the safe ty  and operation of the vehicle. The nominal crew 
consists of 8 men who represent a range of technical and s c i e n t i f i c  disciplines 
and whose prime function i s  t o  develop and achieve experiment objectives. In 
general, crew s k i l l s  are ident i f ied  i n  terms of f l i g h t  operations crewmen, 
sux,port technicians, and sc i en t i s t s  and experiments. The mission w i l l  begin 
with a developmental phase t o  ver i fy  vehicle performance character is t ics  
together with a validation of s t a t ion  operations and safe ty  procedures, In  
broad terms, t h i s  w i l l  be followed by a phase f o r  development of operations, 
then a f i n a l  phase of essent ia l ly  steady-state autonomous operational act ivi ty .  
At a slower pace, the experiments a c t i v i t y  w i l l  generally evolve from the 
i n i t i a t i o n  of techniques t o  s c i e n t i f i c  investigations and applied space sciences. 
The crew mix and functions w i l l  evolve i n  accordance with these phases and with 
v a r ~ n g  s t a t ion  configurations. 

*The LM-1 Gravitational Potent ial  Model described i n  NASA l e t t e r s  69-~~49-323 
and 69==~~47-329 should be used rather  than tha t  i n  Section 4.1.5.2 of TMX 
53865. 
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Crew Par t ic ipat ion.  The crew w i l l  be f r eed  of rout ine  operations t o  
t he  g rea tes t  p r a c t i c a l  extent  by t h e  use of automated systems. Crew 
r e spons ib i l i t i e s  a r e  as  follows : 

Checkout and s t a t u s  monitoring of onb oard subsystems and experimen-ts 

Fau l t  i so l a t i on ,  maintenance, ca l ib ra t ion ,  and repa i r  of onboard 
subsystems and experiments and other equipment 

Spares and expendables, inventory and control ,  and c ~ n f i g u r a ~ t i o n  
management 

Monitoring and control  of experiment a c t i v i t i e s  , evaluation and 
ed i t ing  of raw data  t o  dele te  nonsignificant  information, onboard 
data  processing and data  reduction as required, and assignment of 
transmission p r i o r i t i e s  and modes 

Safety,  damage control ,  correct ive  act ion,  and escape 

Command and control  of t h e  s t a t i on ,  including d a i l y  scheduling 
of operations, experiment and appl icat ion a c t i v i t i e s ,  work, r e s t  
and recreat ion cycles, and t he  assigning of crew dut ies  

Guidance, navigation, and control  of s t a t i on ,  co-orbiting experi- 
ment modules and the  terminal  rendezvous and docking phases of 
both manned and unmanned l o g i s t i c s  spacecraf t  

Command and control  of the  space tugs f o r  normal lunar  surface 
s o r t i e  and l o g i s t i c s  operations as wel l  as emergency rescue 
operations 

2.2.6 Transpor tabi l i ty  

Ground Handling and Transpor tabi l i ty  

F u l l  design recognit ion s h a l l  be given t o  t h e  du rab i l i t y  requirements 
of core module equipment and subsystem during p r e f l i gh t  preparation.  Wherever 
possible,  equipment and modules s h a l l  be designed t o  be t ranspor ted by common 
c a r r i e r  with a minimum of protect ion.  Special  packaging and t ranspor ta t ion  
methods s h a l l  be required t o  prevent system penal t ies .  

2.3 SYSTEM SAFETY 

2.3.1 Ground Rules 

1. Capabil i ty s h a l l  be provided f o r  performing c r i t i c a l  functions a t  
an emergency l e v e l  u n t i l  t he  affected function can be res to red  
or the  crew returned t o  ear th ,  

a. With a,ny one pressure i so l a t ab l e  volume inact ivated,  
i so la ted ,  and vacated because of an accident 
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b e  With any credible  combination of a subsystem in-  
ac t iva ted  as a r e s u l t  of an accident  and a por t ion  
of a redundant or backup subsystem inac t ive  f o r  
maintenance 

2 ,  The c a p a b i l i t y  s h a l l  be provided on t h e  OLS f o r  the  
following : 

a. Detect ion of malfunctions and/or hazards 

b. Tracing t o  t h e  f a i l e d  replaceable u n i t  

c. Display of information t o  t h e  crew necessary f o r  
correc t ive  ac t ion  

3.  For those malfunctions and/or hazards t h a t  may r e s u l t  i n  
t i m e - c r i t i c a l  emergencies, provis ion s h a l l  be made f o r  
t h e  automatic switching t o  s a f e  mode of operat ion and 
f o r  caution and wa,rning of personnel,  

4. Range s a f e t y  requirements a t  Kennedy Space Center and t h e  
A i r  Force Eastern Test Range s h a l l  apply. Waivers 
required  t o  meet mission requirements w i l l  be i d e n t i f i e d .  

5. Escape vehic les  s h a l l  'be capable of s a f e l y  remaining i n  
o r b i t  u n t i l  an acceptable ear th-re turn  opportunity i s  
avai lable .  

6, I f  men a re  required  i n  t h e  OLS mission module during pre- 
launch prepara t ion and t e s t i n g ,  adequate and mul t ip le  escape 
routes  s h a l l  be avai lable .  

7, A t  l e a s t  two egress paths  s h a l l  be a,vai lable from each 
pressur izable  volume f o r  emergency egress of personnel 
during manned ground operat ions.  

8. A man performing ext ravehicular  a c t i v i t y  s h a l l  be able t o  
ga.in unass is ted  access t o  t h e  escape vehicle.  

9, P o t e n t i a l l y  explosive containers such as high pressure  
vesse ls  or  v o l a t i l e  gas s torage  containers s h a l l  be placed 
outside of and as  remotely as poss ib le  from personnel l i v i n g  
and operating quar ters  and wherever poss ib le  i s o l a t e d  and/or 
protected.  

10. Emergency s u i t s  required  i n  t h e  OLS mission module s h a l l  be 
i n  r e a d i l y  access ib le  locat ions .  
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2.3.2 C r i t e r i a  

1. Two or  more entry-egress paths s h a l l  be provided t o  and from 
every pressure i s o l a t a b l e  compartment or  other area  with 
r e s t r i c t e d  access. 

2. Provision s h a l l  be made f o r  t h e  p ro tec t ion  and su rv iva l  of 
t h e  whole crew a t  an emergency l e v e l  during s o l a r  storms. 

3.  Provision s h a l l  be made f o r  t h e  p ro tec t ion  and su rv iva l  of 
t h e  whole crew a t  an emergency l e v e l  following a credible  
nuclear radia , t ion  accident  u n t i l  escape or  rescue can be 
ef fec ted .  

4. A margin of consumables s h a l l  be provided orboard and 
s u f f i c i e n t  f o r  performing c r i t i c a l  functions a t  a  reduced 
l e v e l  following: 

a. The nonarr ival  of any one planned l o g i s t i c s  vehicle 

b.  Any credible  accident  t h a t  renders one pressure  
i s  o la tab le  volume unavailable.  

5. Provision s h a l l  be made f o r  emergency medical treatment f o r  
durat ions compati'ble with t h e  rescue-escape and ea.rth- 
r e t u r n  provisions.  

6. Provision s h a l l  be made f o r  t h e  r e s t r a i n t  of i r r a t i o n a l  
crew members. 

7. Emergency OLS crew overload provisions sha , l l  be provided f o r  
t h e  LSB crew i n  t h e  event of LSB emergency or  f o r  add i t iona l  
OLS or  LSB crew i n  t h e  event of RNS f a i l u r e  i n  lunar  o r b i t .  

8. Provision compatible with t h e  emergency medical provisions 
s h a l l  be made f o r  t h e  emergency r e t u r n  of s i c k  or in jured 
crewmen t o  ear th .  

9. The sa fe  environment and t h e  sa fe  opera t ional  s t a t u s  of 
ac t iva ted  subsystems wi th in  t h e  o rb i t ing  vehicle s h a l l  be 
v e r i f i e d  p r i o r  t o  personnel e n t r y  i n i t i a l l y  and p r i o r  t o  
r e e n t r y  following temporary evacuation of t h e  whole vehic le ,  

10. Deployment and i n i t i a t i o n  of operations considered hazardous 
s h a l l  be checked out from a s a f e  loca t ion  before exposing 
crewmen t o  t h e  p o t e n t i a l  hazards. 

11. A l l  EVA s h a l l  be conducted by  using e i t h e r  of t h e  following : 

a. The "buddy system" 

b.  Performing EVA wi th in  v i s u a l  range of a  s u i t e d  crewman 
ready t o  e x i t  
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12. Provision s h a l l  be made f o r  t h e  r e t u r n  of a crewman 
incapaci ta ted  while performing EVA. 

13. Provision s h a l l  be made f o r  t h e  containment and/or 
d isposal  of radioact ive  or  otherwise t o x i c  contaminants 
following credible  accidents. 

54, Provisions s h a l l  be made f o r  containing ( i .e . ,  confining) 
and con t ro l l ing  ( i . e . ,  r e s to r ing  t o  a s a f e  condit ion) 
emergencies, such as  f i r e s ,  t o x i c  contamination, depressurizat ion,  
s t r u c t u r a l  damage, e t c .  

15, A 1 1  walls ,  'bulkheads, hatches, and s e a l s  requir ing p ressur iza t ion  
f o r  manned e n t r y  s h a l l  be r e a d i l y  access ib le  f o r  inspect ion and 
r e p a i r  by  a crewman i n  a pressur ized s u i t .  

I-6,, High-energy re lease  equipment, such as  pressur ized tanks,  
propel lants ,  e tc . ,  s h a l l  be located  or  p ro tec ted  s o  t h a t  a 
f a i l u r e  of one w i l l  not propagate t o  others.  

17. Design and/or opera t ional  provisions s h a l l  be  made s o  t h a t  no 
credible  combinations of ( a )  an accident  and two components 
inoperat ive o r  (b)  th ree  components inoperat ive (i. e. ,  components 
within t h e  subsystem or combinations of subsystem due t o  e i t h e r  
malfunction and/or a s ing le  maintenance ac t ion)  w i l l  cause t h e  
following : 

a. Loss of a b i l i t y  t o  man t h e  OLS 

b. Loss of personnel on t h e  ground or  i n  o r b i t  

2 ,3 ,3  Credible Accidents 

The OLS s h a l l  be designed and operated s o  t h a t  crew surv iva l  w i l l  be 
ensured following the  accidents  defined i n  t h e  following paragraphs. 

F i r e ,  Concern here i s  f o r  a f i r e  i n  an area  containing subsystems 
P 

equipment, e l e c t r i c a l  wiring, or  labora tory  equipment, which damages and puts  
out of commission a l l  unprotected operat ing equipment i n  a compartment. A 
compartment, f o r  t h i s  purpose, i s  a space t h a t  can be closed off by doors and 
ba-cches but which need not be a i r  t i g h t  or  pressure t i g h t .  Flame propoagation 
w i l l  be eonf ined t o  t h e  one compartment. S u f f i c i e n t  smoke/fumes w i l l  be 
groduced t o  require  rap id  evacuation of t h e  a f fec ted  compartment by personnel. 
Personnel on other decks w i l l  be able t o  continue normal operations but  w i l l  
require  f s c e  masks t o  e n t e r  t h e  a f fec ted  deck. The opening of hatches and 
otlier openings t o  t h e  a f fec ted  deck w i l l  be minimized f o r  24 hours while 
fxmes are  present .  E l e c t r i c a l  cable service  conduits,  plumbing l i n e s ,  and 
ducts may temporari ly become inoperat ive (e.g.,  power w i l l  ke removed from 
e l e c t r i c a l  cables,  f l u i d  t r a n s f e r  w i l l  be in ter rupted,  e t c . )  bu t  w i l l  not be 
affected by t h e  f i r e  i f  they were designed f o r  f i r e  p ro tec t ion  and w i l l  be 
broughhon-l ine again a f t e r  a system checkout -- within  approximately an hour. 
S i n i l a r l  operating equi ment s p e c i f i c a l l y  designed f o r  p ro tec t ion  from f i r e  
will be r&nporar i ly  inac t iva ted  but  w i l l  be brought on-line again a f t e r  checkout. 



Space Division 
North American Rockwell 

Mechanical Damage. Mechanical damage i s  defined as t h a t  caused by a 
co l l i s i on  ins ide  t h e  vehicle with loose out-of-control masses. A momentum 
equivalent t o  a 50-pound mass moving a t  2 f e e t  per  second w i l l  be involved. 
The co l l i s i on  may occur with any equipment exposed t o  a co l l i s i on  path  ( i , e , ,  
no intervening equipment) of approximately f i v e  f e e t  or  more but  not t o  
primary s t ructure .  The damage w i l l  be confined t o  the  equipment within a 
2-foot radius of the  impact point .  A l l  equipment, cables, f l u i d  l i ne s ,  duets, 
etc. ,  w i l l  be damaged and put  out of commission u n t i l  they can be repaired 
and/or replaced, except equipment spec i f i c a l l y  armored f o r  protect ion against  
co l l i s ion .  

Explosion. This i s  defined as an explosion of 0.025 pound TNT equiv- 
a l en t  t h a t  released 50 Btu of energy i n  t h e  form of heat, shock waves, and 
k ine t ic  and thermal energy of shrapnel. Damage w i l l  be confined t o  one 
compartment (see previous def in i t ion  on i ire) and w i l l  consis t  of overpressure, 
heat ,  shrapnel, and atmospheric contaminants. A l l  equipment i n  t he  coqar tment  
w i l l  be damaged and made inoperative,  unless armor p la ted  f o r  protect ion against  
t h i s  type of explosion. The equipment w i l l  require repa i r  and/or replacement, 
depending upon t he  damage such an explosion can produce. Further hazards t h a t  
can r e s u l t  i n  t he  compartment by such an explosion, such as f i r e ,  e t c , ,  should 
a l so  be considered a,s p a r t  of t h i s  accident. Walls and primary s t ruc ture  or 
equipment outside the  a f fec ted  compartment w i l l  not be damaged. 

Loss of Pressurization.  This i s  defined as a loss  of pressur izat ion i n  
a pressure volume caused by an accidenta l  penetrat ion of an outside wal l  or 
'bulkhead, by a f a u l t y  r e l i e f  valve, or  by a leaking pressure s ea l .  The time 
from detection of t he  f a i l u r e  t o  reaching a nonhabitable environment w i l l  be 
approximately 2 0.1 hour f o r  a pressure volume 2 10,000 f t 3 ,  corresponding 
t o  a 2-112-inch diameter hole. This accident w i l l  require evacuation of t h e  
affected pressure volume and t h e  subsequent detection and r epa i r  of the  source 
of leakage by two I V A  personnel. No equipment w i l l  be damaged by thc  accident. 
i t s e l f .  But because t h e  whole of the  a f fec ted  pressure volume w i l l  be exposed 
t o  vacuum conditions, sens i t ive  equipment may have t o  be deactivated t o  survive 
t he  period u n t i l  repressurization.  

F lu id  Leakage. Leakage is defined as leakage of any gas or Liquid 
produced, s tored,  or routed through t he  pressurized areas of the  vehicle,  
including any chemicals used or t h a t  may be produced i n  experiments. The 
leakage may occur a t  any point  through which t he  f l u i d  i s  routed. The amount 
of leakage w i l l  vary with t he  provisions made f o r  detect ion and with t he  
provisions f o r  stopping the  leakage (dumping t he  f l u i d  overboard, shut t ing off 
t he  process, t r ans fe r r ing  t o  another tank, e tc . ) .  This quant i ty  should be 
defined f o r  every po t en t i a l l y  hazardous f l u i d  onboard. Following detection,  
t he  leakage may be confined t o  t he  a f fec ted  deck by r e s t r i c t i n g  a i r  c i rcu la t ion  
and providing a p a r t i a l  d u q  t o  vacuum i n  t h a t  deck. Damage t o  equipment ( e ,  g, :, 
from corrosion, e tc .  ) and t he  possible requirement t o  temporarily evacuate 
t h e  deck must be considered separate ly  f o r  each onboard f l u id .  
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Col l i s ion.  This i s  defined as  a grazing c o l l i s i o n  with another vehic le  
or with space debris  t h a t  damages equipment outside t h e  spacecraf t  such as  RCS 
j e t s ,  r a d i a t o r s ,  s o l a r  panels, antennas, tanks, f l u i d  l i n e s ,  docking mechanisms, 
e t c ,  The c o l l i s i o n  i s  not severe enough t o  cause a penet ra t ion  of primary 
s t r u c t u r e  but  may damage exposed equipment over a c i r c u l a r  area  of approximately 
3-f00t diameter. The damage w i l l  require  maintenance, r e p a i r ,  and replacement 
t o  r e s t o r e  t h e  function.  I f  t h e  equipment i s  not maintainable, repai rable ,  
and replaceable,  t h e  damage i s  t o  be regarded as permanent. 

Personnel Loss. This i s  defined as t h e  l o s s  of any one man through 
in ju ry ,  i l l n e s s ,  or death. Provisions m s t  be made f o r  medical t reatment 
u n t i l  h i s  r e t u r n  t o  e a r t h  and f o r  cross- t ra in ing t o  allow other  personnel t o  
take  over dut ies  necessary f o r  crew sa fe ty .  

Food o r  Water Contamination. This i s  defined as b i o l o g i c a l  o r  t o x i c  
contamination of food or potable water supply. A l l  s i m i l a r l y  packaged food 
s to red  i n  any one area  (e.g.,  a l l  vacuum-packed food s to red  i n  one pantry)  
w i l l  be assumed u n f i t  t o  e a t .  S imi lar ly ,  a l l  potable water i n  connected tanks 
a l s o  w i l l  be assumed toxic ;  however, t h e  water may be reprocessed through t h e  
water p u r i f i c a t i o n  system and t h e  tanks decontaminated t o  render it potable.  

Accident i n  a Hatch. This accident  i s  defined as t h e  l o s s  of access t o  
any one hatch assembly, door, or other personnel,  or  cargo t r a n s f e r  opening 
because of jamming of t h e  mechanism, e i t h e r  open or  closed, or  because of 
obs t ruct ion by cargo o r  a loca l i zed  hazardous s i t u a t i o n  ( f i r e ,  chemical 
s p i l l a g e ,  e l e c t r i c a l  hazard, e t c . ) .  The hazardous or  nonaccessible area  may 
extend over a volume of about 5 by  5 by 5 f e e t  and may be s i t u a t e d  anywhere 
wi th in  5 f e e t  of t h e  edge of t h e  hatch or  opening. This accident  i s  not t o  
be considered credible  where two independent methods f o r  opening a hatch have 
been provided and where s p e c i a l  provisions have been taken t o  avoid hazardous 
equipment i n  t h e  v i c i n i t y  of t h e  hatch. 

. This condit ion i s  defined as an out-of- 
con t ro l  and incapaci ta ted  man performing EVA or  IVA.  Rescue i s  required  
wi th in  5 minutes by a companion a l ready s u i t e d  and conditioned t o  t h e  s u i t  
atmopshere, who i s  wait ing i n  an a i r l o c k  or  i s  a l s o  performing EVA or IVA.  

Meteoroid Penetrat ion.  This i s  defined as meteoroid pene t ra t ion  of t h e  - 
primary s t ruc tu re .  The r e s u l t s  w i l l  be s i m i l a r  t o  an explosion, as described 
i n  a previous paragraph on Explosion, r e leas ing  50 Btu of energy. Such a 
meteoroid has l e s s  than 0.001 p r o b a b i l i t y  of impact i n  10 years,  and t h e  
meteoroid i s  approximately 0.6 inch i n  diameter. Physical damage w i l l  be con- 
f ined  t o  one compartment (see  d e f i n i t i o n  on  ire) and w i l l  cons i s t  of f i n e l y  
divided molten high-speed shrapnel  (from s p a l l a t i o n  of the  inner  wa l l ) .  A l l  
equipment i n  t h e  compartment w i l l  be damaged and made inopera t ive ,  unless 
armor-plated f o r  p ro tec t ion  agains t  t h i s  type of shrapnel.  Damaged equipment 
w i l l  require  extensive r e p a i r  and/or replacement. Further hazards t h a t  can 
r e s u l t  i n  t h e  compartment by such an accident ,  such as f i r e ,  e t c . ,  should a l s o  
be eonsidered as p a r t  of t h i s  accident. The r e s u l t i n g  pene t ra t ion  of t h e  
pressure wal l  w i l l  be 2-112-inches i n  diameter and w i l l  cause depressur iza t ion 
of the  vehicle (assuming an a i r  volume equal t o  t h a t  i n  both pressure  volumes 

A 

of a space s t a t i o n )  t o  an unsafe l e v e l  i n  approximately 0.1 hour or g rea te r  
Tn-i. a pressure volume 1 10,000 f t3 .  
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Loss of E l e c t r i c a l  Power. This condition i s  defined as loss  of the  
a v a i l a b i l i t y  of e l e c t r i c a l  power from l i k e  type power sources ( a l l  so l a r  
panels, a l l  f u e l  c e l l s ,  or a l l  b a t t e r i e s )  i n  one pressure volume or a l l  
inver ters  i n  one volume as the  r e s u l t  of an accident and/or a sequence of 
unexpected f a i l u r e s .  The loss  w i l l  be immediate with no advanced warning, 

Atmospheric Contamination. This condition i s  defined as the  atmospheric 
contamination by tox ic  or  otherwise hazardous contaminants t h a t  w i l l  require 
personnel evacuation from one pressure volume within 2 minutes of detect ion,  
The affected volume w i l l  require  e i t h e r  purging t o  vacuum and subsequent 
repressur izat ion or ,  i f  t he  contaminant can be removed by t he  ECLSS, w i l l  
require processing of t he  atmosphere f o r  2 days t o  res to re  a habitable 
environment. The other presssure volume w i l l  remain habitable.  

E l e c t r i c a l  Shock. This i s  defined as e l e c t r i c a l  shock t o  any one man 
while performing maintenance or  working with e l e c t r i c a l  or e lec t ron ic  equip- 
ment or experiments. The shock may r e s u l t  i n  momentary (seconds t o  minutes) 
l o s s  of performance capab i l i ty  by the  man, t o  i n ju ry  requiring t he  man's 
emergency re tu rn  t o  ear th ,  and/or loss  of l i f e .  

Hazard i n  a Docked Module. This i s  defined as a hazard appearing on a 
docked cargo, experiments, or other module, which a r i s e s  from any of the  
previously mentioned accidents occurring on the  module, as applicable,  The 
module i s  t o  be considered as a separate pressure volume from the  point  of 
view of i so la t ion ,  containment, and control .  If required,  access t o  a 
depressurized or  contaminated module w i l l  be by two EVA personnel, using a 
second hatch on t he  module f o r  ingress.  

OLS Abandonment. This i s  defined as a combination of accidents and/or 
subsyste-ms degradation requiring the  abandonment of t he  OLS by some or a l l  of 
the  occupying personnel. Such abandonment w i l l  not be a t ime-cr i t i ca l  
emergency but  a del iberate  abandonment planned over a period of days t o  
months. The worst design case i s  when one of t he  separate pressure volwnzes 
has been evacuated and sealed off f o r  up t o  30 days because of major dm.age 
or contamination, and a l l  personnel a re  i n  the  remaining volume. Furthermore, 
i f  subsystems degradation becomes apparent i n  t he  l a t t e r  volume, it w i l l  
r e s u l t  i n  the  decision t o  abandon. Such subsystems as are  capable of survival  
must be s e t  i n  a passivated or  quiescent mode t o  ensure safe  personnel escape 
and t o  minimize damage f o r  poss ible  reoccupation a t  a l a t e r  date. 

2.3.4 Safe ty  Definit ions 

Accident 

Containing a hazard 

Controlling a hazard 

- An unplanned event t h a t  r e su l t s  i n  
an unaccepta.ble s i t u a t i o n  or opera- 
t i o n a l  mode 

- Limiting the  area  and time over 
which a hazard extends 

- Reducing the  hazard t o  a sa fe  ( i . e , ,  
nonhazardous ) s i t u a t i o n  
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C r i t i c a l  functions 

Credible 

Emergency l e v e l  

Escape 

- Those functions necessary f o r  crew 
s a f e t y  and mission continuation. 
I n  determining whether a pa r t i cu l a r  
function i s  or i s  not c r i t i c a l ,  i t s  
absence must be considered f o r  t he  
longest  time period f o r  which the  
funct ion may be nonavailable 
following any credible  combination 
of f a i l u r e s  and/or accident. 

- Within t he  assumed probabi l i ty  of 
occurrence f o r  which it i s  des i red 
t o  design and operate a system 

- A t  a l e v e l  s u f f i c i e n t  only f o r  crew 
survival  

- Evacuation of personnel from a dis-  
t r e s sed  vehicle using self-contained 
device ( s  ) independent of outside 
ass is tance and t he  subsequent safe  
re tu rn  t o  ea r th  or t o  a space vehicle 
capable of s a f e l y  susta ining t he  
personnel 

Fa i lu re  ( c r i t i c a l i t y  I) - A s ing le  f a i l u r e  t h a t  could cause 
l o s s  of personnel 

Fa i lu re  ( c r i t i c a l i t y  11) - A s ing le  f a i l u r e  whereby the  next 
associated f a i l u r e  could cause l o s s  
of personnel, or  a s ing le  f a i l u r e  
t h a t  could cause r e tu rn  of one or 
more personnel t o  ea r th ,  or  l o s s  of 
subsystem funct ion(s)  e s s e n t i a l  t o  
continuation of space operations and 
s c i e n t i f i c  invest igat ions .  

Raz a r  d 

Catastraphic hazard 
(category I) 

C r i t i c a l  hazard 
(category 11) 

- Any s i t u a t i o n  or  condition t h a t  
s i gn i f i c an t l y  increases t he  p robabi l i ty  
of i n ju ry  t o  personnel or permanent 
damage t o  equipment 

- A hazard t h a t  could cause l o s s  of 
personnel 

- A hazard t h a t  r e s u l t s  from a 
C r i t i c a l i t y  I1 f a i l u r e  or a hazard 
t h a t  could cause re tu rn  of one or 
more personnel t o  e a r t h  or  l o s s  of 
funct ion(s  ) es sen t i a l  t o  continuation 
of space operations and s c i e n t i f i c  
invest igat ions  
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Marginal hazard 
(category 111) 

DMU ( i d l i g h t  
maintainable u n i t  ) 

IFRU ( in f  l i g h t  replace- 
able u n i t )  

Nominal l e v e l  

Reduced l e v e l  

Res cue 

Restr ic ted access 

Safe 

Miss ion continuation 

- A l l  other hazards 

- Any por t ion of a subsystem t h a t  can 
be mechanically and e l e c t r i c a l l y  
inac t iva ted  i n  order t o  perf orm 
in f  l i g h t  maintenance 

- Any por t ion of a subsystem t h a t  can 
be individual ly  replaced i n  f l i g h t  

- A t  t h e  l e v e l  planned f o r  normal 
operations 

-. A t  a l e v e l  lower than planned but 
s t i l l  s u f f i c i e n t  f o r  l imi ted  mission 
accomplishment 

- Evacuation of personnel from a 
d i s t ressed  vehicle using separate ly  
based veh ic le ( s )  and t he  subsequent 
sa fe  r e tu rn  t o  ea r th  or t o  a space 
vehicle capable of s a f e l y  susta ining 
the  personnel 

- Access t o  an area such t h a t  a s ing le  
f a i l u r e  or accident could preven* 
sa fe  crew passage through t h a t  pa,tL; 

- Free of hazards; mission success 

- The capab i l i ty  t o  perform a usefu l  
experiments program. For OLS sub- 
systems, t h i s  means t h a t  a l l  power, 
s t ab i l i z a t i on ,  information management 
thermal control ,  laboratory f a c i l i t i e s ,  
l i f e  support f o r  experimenters, e t e , ,  
required t o  perform a u se fu l  e ~ c e r i -  
ment program are  avai lable ,  For 
experiments, t h i s  means t h a t  t he  
experiments, experimenters, experi- 
ments modules, e tc . ,  required to 
perform a usefu l  experiments prcgrarn 
are  avai lable .  

Performing c r i t i c a l  functions - This means t h a t  t he  capab i l i ty  ex i s t s  
a t  a nominal l e v e l  i n  both t he  OLS and t he  experiments 

t o  perform the  experiments prograx as 
planned while assuring crew saf c ty ,  
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Performing c r i t i c a l  functions - This means t h a t  some subsystems 
a t  a reduced l e v e l  functions and/or experiments have 

been l o s t  causing a s i gn i f i c an t  
reduction i n  t he  capab i l i ty  t o  
s a f e l y  perform a useful  ( i . e . ,  
worth doing, as opposed t o  aborting 
the  mission) experiments program. 
"Signif icant ly  reduced" can mean 
t he  loss  of major experiment or t he  
nongainful employment of an experi- 
menter onboard t he  s t a t i on .  

Perfor-ming c r i t i c a l  functions - This means t h a t  a use fu l  experiments 
a t  an emergency l e v e l  program can no longer be s a f e ly  

ca r r ied  out, e i t h e r  because of l o s s  
of subsystems functions or experi- 
ments. The capab i l i ty  i s  s t i l l  
avai lable ,  however, f o r  t he  safe  
survival  of onboard personnel u n t i l  
e i t h e r  ( a )  escape or rescue can be 
perf ormed or  (b)  the  f a i l e d  functions 
can be res tored by resupply, repa i r ,  
and replacement (time duration f o r  
t h i s  w i l l  vary, depending upon the  
f a i l u r e s  ) . 

GENERAL GUIDELIKES CONSTRAINTS 

This sec t ion  presents t he  general guidelines and constra ints  t o  be used 
i n  Orbiting Lunar S t a t i on  (OLS) s tudy and development e f fo r t s .  The NASA MXC 

- -  - - -  - --- 

applicable,  r e s u l t s  of concurrent contractural  e f fo r t s  of other Lunar Explora- 
t io r r  Program elements have been used t o  provide general  const ra ints .  

1. The OLS operational  date s h a l l  be 1983, and the  operational  
l i f e  s h a l l  'be 10 years. 

2,  The OLS s h a l l  provide a support capab i l i ty  t o  any point  on 
t h e  lunar  surface.  Rescue of crews from any point  on the  
lunar surface s h a l l  be supported by t he  OLS. 

3. The se lec ted  lunar o rb i t  s h a l l  be maintainable with 
reas onable propel lant  expenditures. 

4, The OLS s h a l l  be capable of supporting a capab i l i ty  f o r  
remote sensing of any point  on the  lunar  surface.  

5. Consumable resupply s h a l l  not be required more than once 
every s i x  months. 
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6 P  The i n i t i a l  OLS s h a l l  be zero gravity.  The design s h a l l  not 
prevent subsequent modification t o  an a r t i f i c i a l  g rav i ty  
s t a t i on .  

7. The OLS s h a l l  have the  c a p a b i l i t y t o  command, control ,  and 
monitor a l l  lunar elements of t he  NASA in tegrated program, 
including remote control  of manned or unmanned surface or 
o r b i t a l  ( lunar )  vehicles. 

8. The OLS s h a l l  be capable of autonomous operations t o  the  
degree necessary. 

9. The OLS s h a l l  lend i t s e l f  t o  the  assembling of addi t ional  
separate ly  launched s t a t i o n  modules t o  increase capab i l i ty  
as required. 

10. Provisions f o r  emergency re turns  from the  OLS s h a l l  be 
provided by t he  l o g i s t i c s  system. Logist ics spacecraft  
w i l l  normally remain docked t o  t he  OLS t o  provide 
emergency re tu rn  f o r  the  crew. 

11. The OLS i s  defined a,s a completely self-contained module 
with provisions f o r  a crew and an experiments program. 

12. Mission planning and systems designs s h a l l  minimize the  
overlap times of r o t a t i ng  crews. 
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3.0 MISS10 N REQUIREMENTS 

3.1 GENERAL REQUIREMENTS 

The Orbiting Lunar S ta t ion  (OLS) i s  t o  be t h e  United S t a t e s Y a e i l i t y  
i n  lunar o rb i t  required t o  s a t i s f y  a va r i e ty  of s c i e n t i f i c  and technological 
objectives.  The s c i e n t i f i c  and technology objectives w i l l  be s a t i s f i e d  by a 
s e r i e s  of experiments t h a t  w i l l  be es tabl ished,  supported, monitored or con- 
t r o l l e d ,  and maintained by the  manned OLS. The OLS must provide the  services ,  
crew support, expendables, and operations t o  meet experiment objectives i n  
lunar o rb i t .  It w i l l  a s s i s t  i n  meeting lunar surface s c i e n t i f i c  and explora- 
t o r y  objectives.  

The OLS w i l l  be required t o  operate i n  severa l  space regimes. Low 
a l t i t u d e  ea r th  o rb i t s  of 200- t o  400-n mi a l t i t udes  and 28.5 degrees t o  
55 degrees i nc l i na t i on  w i l l  be required f o r  checkout operations p r io r  
t o  t ranslunar  f l i g h t .  The OLS w i l l  be manned while i n  e a r t h  
o rb i t  by a checkout crew f o r  t h i s  purpose. The OLS w i l l  be unmanned during 
del ivery t o  lunar o rb i t .  The OLS s h a l l  be capable of meeting spec i f ied  per- 
formance leve l s  during operations i n  any of the  required space regimes, The 
OLS s h a l l  be capable of acquiring any desired a t t i t u d e  throughout t he  mission, 
and self-support a t t i t u d e  demands s h a l l  not const ra in  experiment operations, 
The OLS s h a l l  be capable of operating a t  any lunar inc l ina t ion  a t  a l t i t udes  
of 45 t o  80 n mi.  As a r e s u l t  of t he  o rb i t  determination study (see Section 
2.0, Volume 11), the  design t o  o rb i t  i s  60 n mi polar.  

3.2 BASELINE MISS I O N  DESCRIPTION 

The major mission phases t h a t  define t h e  basel ine  operations of the  
OLS are  discussed i n  the  following paragraphs. For study purposes, the mission 
i s  i n i t i a t e d  a t  the  s t a r t  of countdown and continues through dispersal  of the  
OLS a t  mission termination. 

3.2.1 Countdown 

Countdown of the  OLS w i l l  begin when the  OLS i s  mated t o  the  launch 
vehicle and launch time established.  The launch i s  t o  be unmanned, and there  
s h a l l  be no requirement f o r  onboard crew par t i c ipa t ion  during countdown opera- 
t ions .  The OLS s h a l l  not require countdown procedures, operations, or 
f a c i l i t i e s  t h a t  constrain use of programed f a c i l i t i e s  or  launch vehicles,  
Countdown i s  terminated upon unjbilical separation a t  launch. 
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3,2,2 As cent-to-Earth Orbi t  

Ascent-to-earth o r b i t  i s  i n i t i a t e d  a t  launch and te rminates  a t  e a r t h  
o r b i t  i n s e r t i o n .  The OLS i s  launched unmanned, and f l i g h t  pa th  and a t t i t u d e  
con t ro l  a re  provided by  t h e  launch vehic le .  The nominal OLS e a r t h  o r b i t  
i n s e r t i o n  w i l l  be t o  a  c i r c u l a r  o r b i t  of 258 n  mi a t  31.6 degrees i n c l i n a t i o n .  
OLS subsystems w i l l  be  quiescent  during ascent  wi th  only those  a c t i v e  funct ions  
needed t o  assure  range s a f e t y  and requ i red  da ta  recovery. 

3.2.3 Ear th  Orbi t  Operations 

Ear th  o r b i t  operat ions commence a t  e a r t h  o r b i t  i n s e r t i o n  and end wi th  
t r a n s l u n a r  i n j e c t i o n .  During e a r t h  o r b i t  t h e  OLS must i n t e r f a c e  wi th  t h e  
systems used t o  t r a n s f e r  t h e  OLS from t h e  launch veh ic l e  t o  t h e  c i s l u n a r  
s h u t t l e .  The e a r t h  o r b i t a l  phase w i l l  c o n s i s t  of sepa ra t ion  from t h e  o r b i t  
i n s e r t i o n  s t age ,  a t t i t u d e  con t ro l  and a c t i v a t i o n  of rendezvous a i d s ,  sub- 
system checkout, rendezvous and docking ( ~ u g ,  CPS, RNS, o r  EOS), and v e r i f i c a -  
t i o n  of i n t e g r i t y  by  t h e  checkout crew. The OLS w i l l  provide unmated a t t i t u d e  
con t ro l  c a p a b i l i t y ,  l i f e  support ,  e l e c t r i c a l  power, communications, and check- 
out provis ions  t o  t h e  minimum l e v e l  requi red  f o r  checkout. 

Translunar F l i g h t  - 
Tranlunar f l i g h t  s t a r t s  wi th  t r ans luna r  i n j e c t i o n  and te rminates  wi th  

luna r  o r b i t  i n s e r t i o n ,  A t  coxple t ion  of e a r t h  o r b i t  checkout, t h e  OLS i s  
unmanned and quiescent .  F l i g h t  pa th  and a t t i t u d e  c o n t r o l  of t h e  OLS i s  pro- 
vided by t h e  c i s l u n a r  s h u t t l e  (RNS o r  CPS) . The OLS w i l l  provide normal 
subsystem s t a t u s  information v i a  t h e  RrJS or  CPS communication systems. 

Lunar O i b i t  I n s e r t i o n  

Lunar o r b i t  i n s e r t i o n  i s  i n i t i a t e d  a t  t r a n s f e r  from t h e  t r a n s l u n a r  
o r b i t  by t h e  c i s l u n a r  s h u t t l e  and te rminates  when t h e  spec i f i ed  o r b i t  i s  
acnieved, The nominal luna r  o r b i t  i s  po la r  and a t  60-n m i  a l t i t u d e .  The 
OLS i s  unmanned during lunar  o r b i t  acqu i s i t ion ,  and t h e  f l i g h t  p a t h  and 
c o n t r o l  funct ions  s h a l l  be performed by t h e  RNS ( o r  CPS) . 
3-2.6 Unmanned Lunar Orbi t  Act iva t ion  

Lunar o r b i t  operat ions commence wi th  t h e  i n i t i a t i o n  of OLS premanning 
checkout and te rminates  when t h e  ope ra t iona l  crew docks wi th  t h e  OLS. While 
unmanned, t h e  OLS must perform a t t i t u d e  con t ro l ,  subsystem a c t i v a t i o n ,  remote 
checkout, and rendezvous/docking support.  

I n  add i t ion  t o  t h e  nominal unmanned mission requirements,  t h e  OLS s h a l l  
provide f o r  unmanned ope ra t iona l  c a p a b i l i t y  a f t e r  manning and before  mission 
te rminat ion  i n  t h e  event of emergencies o r  t o  support experiment ob jec t ives .  
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Manned Lunar Orbit  Operations 

Manned lunar  operations s h a l l  be defined as beginning when the  opera- 
t i o n a l  crew docks with t h e  OLS. The OLS1s primary mission operations occur 
during t h i s  phase. The manned lunar  o r b i t  operations involve functions 
required t o  provide quar ters  and s a f e t y  f o r  t h e  crew and r e l a t e d  self-support  
c a p a b i l i t i e s  and support of o ther  program elements and experiments. 

3.2.8 Self-support Operations 

Self-support operations include those a c t i v i t i e s  and functions needed 
t o  maintain crew s a f e t y  and heal th ,  o r b i t  pos i t ion ,  o r i en ta t ion ,  subsystem 
s t a t u s  and operat ions,  scheduled and unscheduled maintenance, and otherwise 
provide quar ters  and support of t h e  OLS exclusive of experiments. The OLX 
self-support  functions s h a l l  place minimum cons t ra in t s  on t h e  operat ion of 
experiments. 

Self-support operations w i l l  include t h e  following recurr ing 
functions : 

1. Communication schedules as r e l a t e d  t o  l i f e  support,  sa fe ty ,  
or f l i g h t  operations 

2. Navigation and guidance as r e l a t e d  t o  t h e  support of l o g i s t i c  
mission, s tat ionkeeping,  and rou t ine  OLS command and control ,  
Observations of lunar  landmarks, t h e  s o l a r  system, and s t e l l a r  
environment w i l l  be required. 

3. Crew cycles and l i f e  support and medical provisions t o  assure 
e f f i c i e n t  s t a t i o n  operat ion,  crew t r a f f i c  p a t t e r n s ,  and 
s a f e t y  

4. At t i tude  con t ro l  functions which do not const ra in  or  
contaminate t h e  experiments 

5. Maintenance and se rv ic ing  operations 

6. Logis t i c  operations t o  include crew, cargo, a.nd experiment 
package t r a n s f e r  

7. Environmental p ro tec t ion  f o r  i n t e r n a l  crew and experiments 

8. S t r u c t u r a l  i n t e g r i t y  and c h a r a c t e r i s t i c s  required  t o  meet 
sa fe ty ,  t echn ica l ,  and opera t ional  requirements 

9. E l e c t r i c a l  power f o r  self-support  operations and emergencies 

Self-support operations w i l l  require  long- l i fe  systems t h a t  have ease 
of maintenance and/or replacement. The OLS s h a l l  be s e l f - s u f f i c i e n t  with l i f e  
support systems capable of support ing normal a.nd emergency opera t ions ,  Normal 
overlap of crew sequencing w i l l  be accomplished as defined i n  Sect ion 7.0 of 
Volume 11. A continuous emergency r e t u r n  c a p a b i l i t y  f o r  a l l  crewmen on the 
OLS and docked space t u g  s h a l l  be required.  



Space Division 
North American Rockwell 

3.2.9 Lunar Surface Support 

The OLS s h a l l  provide t h e  capab i l i ty  t o  support experiment and 
s c i en%i f i c  f a c i l i t y  development on t h e  lunar  surface. The OLS s h a l l  provide 
comand, control ,  loca t ion  determination, readout, and communications with 
manned and unmanned lunar  surface vehicles and bases. Operational in terface  
capab i l i t y  s h a l l  be provided with t h e  following: 

1. Tug ( lunar  o r b i t  t o  surface/surface t o  o rb i t ,  manned or 
unmanned) 

2. Lunar surf  ace vehicles (unmanned) 

3, Surface experiment modules p r i o r  t o  lunar  surface del ivery 

4. Orbiting data  re lays  or  measurement devices i n  support of 
lunar  sur f  ace operations 

5. Lunar surf  ace base (manned) 

Functions s h a l l  be provided r e l a t ed  t o  ac t iva t ion ,  checkout, and 
maintenance of items p r i o r  t o  lunar  delivery. The OLS s h a l l  provide crew 
provis ion f o r  habi ta t ion,  r e s t ,  recreat ion,  medical, and sustenance of per- 
sonnel operating t o  or  from t h e  lunar  surface i n  normal and emergency modes. 

3,2,10 Experiment Support 

The OLS s h a l l  provide docking, a i r lock,  passageway, communication, 
atmosphere, crew, safe ty ,  and other in te r face  provisions necessary f o r  sa fe  
operation of at tached or detached experiments. The OLS s h a l l  support command, 
control and process s c i e n t i f i c  and technological  experiments i n  lunar o rb i t .  
OLS self-support operations s h a l l  place minimum constra ints  on experiment 
operations. The OLS s h a l l  be capable of assuming any a t t i t u d e  or ien ta t ion  and 
r a t e  (consis tent  with crew and expendable l i m i t s )  needed t o  meet experiment 
ob jeedives, OLS operations and equipment i n  support of experiments s h a l l  be 
of Long l i f e  and s h a l l  contribute t o  t he  development of p lanetary  exploration 
capabi l i ty .  

3-2-11 OLS Mission Termination 

The OLS mission termination phase w i l l  begin when t he  l a s t  experiment 
or  technology data  acquis i t ion  i s  terminated and w i l l  end when t he  f i n a l  
d i spos i t ion  of t h e  OLS i s  achieved. The OLS mission termination s h a l l  not 
present hazards or  subsequent operational  const ra ints  on the  other space or  
lunar  exploration a c t i v i t i e s .  
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4.0 EXPERIMENT PROVlS IONS REQUIREMENTS 

Experiment provisions pFovide the s t ructure,  e l e c t r i c a l  power, environ- 
mental control, pointing and s t a b i l i t y  control, command and control, monidoring, 
data handling, docking, operational support, and crew provisions necessary f o r  
OLS support of experiments. In  other words, the experiment provisions require- 
ments resu l t  from interfacing with the OLS subsystems. 

4.1 FUNCTIONAL REQUIREMENTS 

There i s  no specif ic  functional grouping of major assemblies and hard- 
ware items tha t  comprise experiment provisions. The requirements delineated 
i n  t h i s  section are a summation of the interface requirements imposed on %be 
functional subsystems t o  support a l l  experiment operations. 

4.2 PERFORMANCE REQUIRFtMENTS 

Experiment provisions have no specif ic  performance requirements as a 
subsystem because it i s  comprised en t i r e ly  of interfaces with the various 
s t a t ion  subsystems. Performance requirements s h a l l  be met by the supporting 
subsystems consistent with the requirements of paragraph 4,4.*(1) 

4.3 OPERABILITY 

Rel iab i l i ty  

See Section 2.2. 

1. Capability s h a l l  be provided t o  i so la t e  those segments of 
the experiments equipment and subsa te l l i tes  tha t  require 
repair,  replacement, or servicing. 

2. Provision s h a l l  be made f o r  adjustment, maintenance, 
calikration, repair  and replacement without tools  where 
pract ical ,  standard tools  where necessary, and special  
tools  where essent ial .  See Section 2.2. 

4.3.3 Useful Life 

See Section 2.2. 

*For rationale,  re fer  t o  specified item nurdber i n  Section 4.5 
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4.3.4 Environment 

See Section 2.2. 

4.3.5 Human Performance 

See Section 2.2. 

4,3.6 Safety  

See Section 2.3. 

4,4 i W O R  INTERFACES 

This sec t ion  spec i f ies  t he  in te r face  requirements t h a t  t he  experiment 
provisions s h a l l  have with t he  various OLS subsystems .*(l) 

4 , 4 , 1  Structures  

In tegra l  Floor space* (2)  

Data Analysis Laboratory 
Geochemistry Laboratory 
Photography Laboratory 
Experiments Control Center 

70 square f e e t  
100 square f e e t  
70 square f e e t  
45 square f e e t  

A i r l ock  Laboratory 

The s t ruc ture  s h a l l  make provisions f o r  an a i r lock  laboratory located 
i n  the  v i c i n i t y  of t he  experiment deck f o r  i n t eg ra l  experiment use as follows: 
"(21 

1, The a i r lock  s h a l l  be s ized  t o  accommodate a l l  remote sensors 
(11,000 through 15,000 s e r i e s  equipment items) and sub- 
s a t e l l i t e  servic ing (60,000 s e r i e s  equipment items) i n  
accordance with t h e  Experiment Operating Plan. Airlock 
m i n i m  dimensions s h a l l  be 5 f e e t  diameter and 10 f e e t  
long.*(7,12) 

2. The a i r lock  s h a l l  be capable of being pressurized and de- 
pressurized th ree  times per year.*(3) 

3, The a i r lock  s h a l l  permit sh i r t s leeve  crew access t o  f i l m  
and tape casse t tes  while a l l  sensors a re  i n  a deployed mode.*(b) 

4, The a i r lock  s h a l l  contain t he  following u t i l i t i e s :  *(2) 

a. E l e c t r i c a l  power 

P 

*For ra t iona le ,  r e f e r  t o  spec i f ied  i tem nuniber i n  Section 4.5 
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'b. Thermal control  (of instruments via environmental 
con t ro l / l i f e  support subsystem) 

c. Information subsystem (ISS) data  and communication 
hardlines 

d. 02 and N2 (instrument) 

e. Cryogenics 

f .  Propellant t r ans f e r  provisions f o r  N2 and N2H4 f o r  
subsa t e l l i t e  servicing 

g. Subsa t e l l i t e  docking provisions (as required t o  s a t i s f y  
the  Experiment Operating ~ l a n ) * ( 5 ) .  Docking provisions 
s h a l l  include a docking por t  with a minimum 5-foot 
diameter opening t h a t  w i l l  permit crew egressl ingres s 
f o r  EVA a c t i v i t i e s .  ( ~ e f e r  t o  Sections 3.0 and 5.0, 
Volume 11, f o r  ra t ionale .  ) 

5. The a i r lock  s h a l l  be located such t h a t  deployed sensors ca,n 
view both the  lunar surface and the  c e l e s t i a l  sphere.*(2) 

6. The following u t i l i t y  hookups s h a l l  be provided a t  the  sub- 
s a t e l l i t e  docking interface:  " ( 2 )  

a. E l ec t r i c a l  power 

b. Thermal control  

c. ISS data hardlines 

d. 02 and N2 ( f o r  instruments) 

e. Propellant  t r ans f e r  - N2 (blowdown) and N2H4 (pos i t ive  
expuls ion) 

Free-Flying Subsa te l l i t e s  

The s t ruc tu r e  s h a l l  withstand t he  docking forces  of t he  f ree-f ly ing 
subsa t e l l i t e s  .*(6) 

Deployed Experiment Sensors 

Provisions s h a l l  be made f o r  deployed experiment sensors t o  have a.n 
unobstructed view from nadir  t o  f i v e  degrees above t he  lunar horizon,*(2) 

*For ra t iona le ,  r e f e r  t o  specif ied item nurriber i n  Section 4-5 



Orib  oard Experiments 

The s t ruc ture  s h a l l  provide a loca t ion  close t o  OLS reference f o r  on- 
board experiments t h a t  require  base-motion i so l a t i on  f o r  g rea te r  accuracy or 
drackia?g capabil i ty.  Where possible,  experiments with s imi la r  pointing, 
-tracking, and view angle requirements w i l l  be mounted on t h e  same gimbal 
s l m e t u r e  ,* (2) 

Moun-t ing Ac c ommodat i ons 

The s t ruc tu r e  s h a l l  provide su i t ab l e  mounting accommodations f o r  
elisperbents so  t h a t  i n s t a l l a t i on ,  maintenance, and replacement may be accom- 
pl ished without  EVA.*(^) 

4,k,2 Reaction Control Subsystem 

"re RCS s h a l l  provide t he  following propellant  f o r  subsa t e l l i t e s  per  
180 days: * ( 7 )  

N2 storage 455 lbm 
N ~ H ~  storage 7811 ~ b m  

- - E:r_vironmental Protection Subsystem 

Environmental protect ion s h a l l  be provided f o r  i n t eg ra l  experiments as 
p a r t  of t he  normal protect ion provided f o r  t h e  OLS. Radiation protect ion 
s h a l l  be provided f o r  s to red  experiment f i l m  t o  t he  extent  required. Environ- 
lnental protect ion of in-use equipment and of subs a t e l l i t e s  s h a l l  be provided 
by- t he  experiments .*(6) 

4,4,4 E l e c t r i c a l  Power ~ u b s y s t e @ ( l ~ )  

The e l e c t r i c a l  power subsystem s h a l l  have in terfaces  with and support 
requirements f o r  experiments as follows : *(2) 

Average power of 4 kw; maximum sustained power demand of 
6 kw f o r  l e s s  than 1 hour with a frequency of occurrence 
of not more than twice i n  24 hours; and peak power of 7 kw 
f o r  a duration l e s s  than 1 minute, t he  frequency of occurrence 
s h a l l  not be more than twice per  hour. Sequencing of opera- 
t i o n  of experiments s h a l l  be required t o  preclude a power 
demand i n  excess of the  power a l l o t t e d  above. 

*For ra t iona le ,  r e f e r  t o  specif ied i tem number i n  Section 4.5 
I 
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4.4.5 Environmental ~ o n t r o l / ~ i f e  Support Subsystem 

Atmosphere 

The OLS ECLSS s h a l l  provide atmospheric gas c i rcu la t ion  capab i l i t i e s  t o  
provide a sh i r t s leeve  environment i n  a l l  experiment areas t h a t  require human 
habitation.*(6) 

1. Pressurization,  depressurization, and leakage 

Airlock experiments-capabilities f o r  pressur iz ing and 
depressurizing t h e  a i r lock  from an onboard assembly 
s h a l l  be provided. Airlock capab i l i t i e s  s h a l l  be as 
specif ied below: *(7, 12) 

Volume 200 cubic f e e t  
Pressurization time To be determined from 

operational  considerations 
Depressurization time 24 hours maximum?(2) 
Frequency of use Three times per ~ e a r * ( 3 )  
Gas composition same as O L S * ( ~ )  

2. Temperature Control. The OLS s h a l l  provide temperature 
control  between 65 and 75 F f o r  i n t eg ra l  experiments. 
Capabil i ty s h a l l  be provided i n  t he  experiments a rea  t o  
supply a i r  se lec tab le  between 60 and 75 F. The OLS 
atmosphere s h a l l  accomodate 1000 watts of sensible  heat 
maximum from the  i n t eg ra l  experiments. (s ized on t he  
bas i s  of 25 percent t o  t he  atmosphere of a maximum 4000 
wat ts)  .*(6) 

3. Pressure Control. The OLS s h a l l  provide t o t a l  pressure 
control  and oxygen p a r t i a l  pressure control  f o r  experiments 
t o  t he  same condition as t h e  OLS atmosphere. The OLS and 
experiments atmosphere s h a l l  be controlled t o  14.7 p s i a  
(with var ia t ion  t o  10 p s i a  allowable) and oxygen p a r t i a l  
pressure a t  3.1 psia .  Experiment pressure requirements 
d i f fe ren t  from the  OLS s h a l l  be provided by experiments, 
*(2, 6) 

4. Humidity Control. The OLS s h a l l  provide atmosphere a t  
8 t o  12 m Hg p a r t i a l  pressure of water f o r  i n t e g r a l  exper- 
ments. Humidity control  t o  a d i f fe ren t  l e v e l  s h a l l  be 
provided by the  experiment. Excessive experiment-caused 
humidity (greater  than approximately 0.5 lb/hr or nonhuman 
water t o  t he  atmosphere) s h a l l  be removed by experiment 
f a c i l i t i e s  .*(2, 6) 

*For ra t iona le ,  r e f e r  t o  spec i f ied  i tem number i n  Section 4.5 
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5,  Contamination Control. Toxic, corrosive,  or  bac te r io log ica l  
contaminants s h a l l  'be removed by the  experiments before t h e  
atmosphere i s  returned t o  t h e  OLS system. The OLS contaminant 
control  assembly may be u t i l i z e d  by experiments f o r  t h e  con t ro l  
of contaminants with maximum generat ion r a t e s  as  spec i f i ed  i n  
f i n a l  repor t  G D C - D A B - ~ ~ - O O ~ ,  Vol. V I  ECLSS, Study f o r  BSM 
Preliminary Def in i t ion ,  dated October 1967.*(6) 

Active Thermal Control 

The OLS s h a l l  provide ac t ive  temperature con t ro l  between 65 and 75 F 
for i n t e g r a l  experiments s u f f i c i e n t  t o  accommodate 4000 wat ts  maximum 
dissipat.ion.*(2, 6, 8) 

Water ~anagernent"(2) 

I, Storage and/or generat ion c a p a b i l i t y  f o r  supplying 35 lb/day 
maximum of potable water s h a l l  be provided by the  OLS ECLSS. 
The water s h a l l  have t h e  same p o t a b i l i t y  and p u r i t y  require-  
ments as t h e  OLS (NASA-M~c spec i f i ca t ion  W-SPEC-18, Command 
~ o d u l e / ~ u n a r  Module Potable Water Speci f ica t ion,  
25 June 1969). 

2 .  Experiment water requirements with a d i f f e r e n t  p u r i t y  
requirement s h a l l  be considered an experiment expendable 
i tem and handled as a l o g i s t i c s  supply mater ia l .  

3, Experiment water which cannot be accommodated by t h e  OLS 
d i s t i l l a t i o n  reclamation assembly because of unused 
chemicals or  contaminants s h a l l  be considered a waste 
product and t r e a t e d  as a l o g i s t i c s  r e t u r n  mater ia l .  Water 
makeup f o r  such waste water s h a l l  be t r e a t e d  as an experi- 
ment l o g i s t i c s  supply item. 

Waste Management 

?'he OLS ECLSS s h a l l  provide c a p a b i l i t y  f o r  processing e i t h e r  
ind iv idua l ly  or  c o l l e c t i v e l y  a t o t a l  of approximately 30 lb/month of waste 
and t r a s h  mater ia ls  from experiments .*(2) 

Hygiene - Not Applicable 

Food Management 

Preparat ion of a l l  s p e c i a l  human, p lan t ,  or  animal n u t r i e n t s  s h a l l  be 
provided b y  t h e  experiment. The ECLSS s h a l l  provide crew food s torage  and 
prepara t ion c a p a b i l i t i e s .  Any s p e c i a l  f r eeze r ,  r e f r i g e r a t o r ,  and oven 
requirenients s h a l l  be provided by t h e  experiments.*(2) 

++For r a t i o n a l e ,  r e f e r  t o  spec i f i ed  item number i n  Section 4.5 
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Information Subsystem 

1. An experiment control  center s h a l l  be provided having command 
and control  and display capabi l i t ies .  The experiment control  
center s h a l l  a l so  serve as a  backup control  center f o r  the 
OLS. Backup capabi l i t i es  fo r  the experiment control  center 
s h a l l  be provided i n  the  OLS primary control  center.*(2) 

2. The interface between the ISS and free-flying subsa t e l l i t e s  
s h a l l  be v ia  RF l ink.  The ISS s h a l l  provide commands, 
computer data, and ranging s ignals .  The subsa t e l l i t e  s h a l l  
provide, upon command, t u rn  around ranging s ignals ,  subsys tern 
data, and experiment data. The interface between the ISS and 
docked subsa te l l i t es  s h a l l  be v i a  coaxial cables. This s h a l l  
connect the  d i g i t a l  data d i s t r ibu t ion  bus t o  the  subsa t e l l i t e  
with su i tab le  modems. The ISS s h a l l  be capable of supporting 
two subsa te l l i t es  on s ta t ion .  The in te r face  between the  IXS 
and in tegra l  experiments s h a l l  be through remote acquis i t ion 
and control  un i t s  (RACU'S) and/or modems. The OLS information 
subsystem s h a l l  provide the command control  capabi l i ty ,  data 
acquisit ion,  processing, storage, r e l ay  capabi l i ty ,  display 
capabil i ty,  and the checkout and f a u l t  i so la t ion  capabi l i ty  
required t o  support a l l  experiment functional program elements 
as outl ined herein.*(2, 7, 11) 

a. Data types 

(1) Soft  data may take the f  orm of analog data,  
d i g i t a l  data, or t e lev is ion  displays. The 
respons ib i l i ty  f o r  d ig i t i z ing  and formatting 
r e s t s  with the OLS information subsystem. 

b. Data r a t e l q u a n t i t p ( 1 l )  

(1) Digi ta l  - instantaneous peak 6 x 10 6 bps 

Daily (maximum) 3.5 x 10" bpd 

Daily (average) 1 x lo5  bps 

(2)  Television - Sta t ion  CCTV (2.9 - 4.5 mHz) 3 channels 

S ta t ion  t o  surface (4.5 m ~ z )  1 channel 

(3) The ISS s h a l l  be capable of acquiring data from 
lunar orbi t ing subsa te l l i t es  f o r  distances up t o  
line-of-sight. 

*For ra t ionale ,  r e f e r  t o  specif ied item number i n  Section 4.5 
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c. Storage capabi l i ty  

Operating memory 
Mass storage 
Tapes 
Hard copy 

d. Command and control  

Discrete commands 
Variable commands 

1 8 ~  words 
1 megawords 
180 pounds 
180 pounds 

1500 
80 eight-bit  commands 

The capabi l i ty  f o r  command and control  of lunar 
orbi t ing subsa te l l i t es  s h a l l  be provided f o r  distances 
up t o  line-of -s igh t  . 

e. Displays 

Types: Graphic display device. Provision i s  required 
f o r  curve t rac ing  and plot t ing.  

Signal l i g h t  

Meter 

TV (includes clos ed-circuit TV) 

10 f .  Data processing capabi l i ty  - 1 x 10 bpd 

g. Timing - timing signals s h a l l  be provided with a 
s t a b i l i t y  of 0.01 pa r t  per mill ion a t  a r a t e  of a t  
l e a s t  1 kHz. 

4,4,7 Guidance and Control Subsysted+(2) 

Atti tude Requirements i n  Lunar Orbit 

The OLS G&C s h a l l  be capable of maintaining s t a t i on  axes f ixed with 
respect t o  i n e r t i a l  coordinates i n  X-POP i n e r t i a l  f l i g h t  mode within + 0.25 - 
degree ,* (8, 9 )  

The OLS G&C s h a l l  be capable of maintaining s t a t i o n  axes within 
-I- O,25 degree i n  lunar referenced a t t i t ude  hold with +Z axis a t  nadir  i n  
y-POP l eve l  mode on a continuous basis ,  except when it i s  i n  the  i n e r t i a l  
f l i g h t  mode previously specified. For experiments, the  s t a t i o n  w i l l  f l y  with 
the -V axis i n  the  direct ion of the  veloci ty  vector,*(8, 9 )  

The s t a t i o n  a l so  s h a l l  be capable of operating i n  a f i n e  pointing mode 
for periods up t o  30 minutes, with an accuracy with respect t o  nadir of 
s 0,4 degree.* (8, 9) - 
*For ra l ionale ,  r e f e r  t o  specified i tem number i n  Section 4.5 
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Ephemeris Accuracy Requirements 

Uncertainty i n  t he  knowledge of s t a t i o n  o rb i t  pos i t ion  and ve loc i t y  
s h a l l  be wi thin  t h e  following limits: +(9) 

Alti tude 
In-track 
Cros s-track 
Orbit ve loc i ty  

+ 330 f e e t ,  1 sigma - 
+ 850 f e e t ,  1 sigma - 
+ 490 f e e t ,  1 sigma - 
+ 0.4% (25 fps ) ,  rms - 

Information Requirements 

The G&C s h a l l  provide t h e  following information t o  t h e  ISS i n  support 
of t h e  experiments: "(2) 

Current s t a t i o n  a t t i t u d e  and r a t e  and reference a t t i t u d e  
alignment 

Posi t ion vector of targets-of-opportunity i n  lunar  
centered i n e r t i a l  coordinates 

Current s t a t i o n  estimated s t a t e  vector 

Experiment t o  G&C reference ca l i b r a t i on  data  

Guidance ta rge t ing  and d e l t a  V commands f o r  rendezvous, 
docking, deployment, and stationkeeping of f ree-f ly ing 
subsa t e l l i t e s  

4.4.8 Crew Habi tab i l i ty  

1. Crew support f o r  experiment operations equivalent t o  f i v e  
men working one 10-hour s h i f t  per  day s h a l l  be provided.*(6, 8) 

2. The crew s k i l l  mix s h a l l  be as i den t i f i ed  i n  t he  Experiment 
Operating Plan. The OLS crew required f o r  experiment opera- 
t ions  s h a l l  have t he  s k i l l s  necessary t o  ac t iva te ,  operate, 
maintain, record, and analyze data, and deactivate t he  on- 
board experiments f o r  each s c i e n t i f i c  d i sc ip l ine  represented, 

4.4.9 Docking Provisions 

Docking provisions s h a l l  provide f o r  l o g i s t i c  support of experiment 
resupply during nornial operations by providing access t o  t he  l o g i s t i c s  space- 
c r a f t .  

*For ra t iona le ,  r e f e r  t o  spec i f ied  item number i n  Section 4.5 
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4,5 RATIONALE 

1. Requirements i n  t h i s  sec t ion  a re  based on an analysis  of t he  
individual  s c i e n t i f i c  experiments, t he  equipment required t o  
conduct them, and t he  schedule t o  which they w i l l  be operated 
as defined i n  the  Experiment Operating Plan. Whenever 
applica,ble, EOSS study r e su l t s  were reviewed i n  specifying 
OLS requirements. 

2. This requirement was es tabl ished t o  s a t i s f y  the  OLS science 
objectives and t he  Experiments Operating Plan based on Apollo 
and EOSS experience. 

3. Based on t he  estimated a i r lock  u t i l i z a t i o n  from the  Experiments 
Operating Plan. 

4, Required t o  preclude excessive a i r lock  depressurizations 
and repressur izat ions .  

5. Shir ts leeve access t o  t he  subsa t e l l i t e s  i s  required f o r  data 
r e t r i e v a l  and s u b s a t e l l i t e  servicing.  

6, Necessary from crew sa fe ty ,  hab i tab i l i ty ,  and operab i l i ty  
considerations. 

7. Required f o r  subsa t e l l i t e s  i n  accordance with the  Experiments 
Operating Plan. 

8, Based on t he  f i r s t  i t e r a t i o n  of experiment requirements with 
operational  requirements as r e f l ec t ed  i n  t he  Experiments 
Operating Plan. 

9. Sta t i on  a t t i t u d e  control  and s t a b i l i t y  requirements a r i s e  
from i n t e g r a l  experiments employing passive and ac t ive  
remote sensors. For example, nonimaging sensors such as t he  
microwave radiometer (11007) and t he  radar  a l t imete r l sca t te r -  
ometer (11041) must be provided with a t t i t u d e  control  ranging 
from 0.1 degree t o  0.25 degree t o  accomplish the  requirements 
of t he  experiments using them (5019 and 5020, respect ively) .  
This enables them t o  obtain t he  required s p a t i a l  discrimination 
ranging from 200 t o  500 meters on the  lunar  surface from an 
a l t i t u d e  of 60 n mi (100 km). Imaging sensors such as the  
high reso lu t ion  camera (11042) used i n  Experiments 5002, 
5014, and 5016, impose severe s t a b i l i t y  l im i t s  on the  s t a t i o n  
i n  order t o  achieve required surface resolut ion and avoid 
image smear. A t  an a l t i t u d e  of 100 km, an exposure of 0.01 
second and a required ground resolut ion of 1 meter, t he  space- 
c r a f t  r a t e  must be l imi ted  t o  0.05 degree per  second. Even 
more severe requirements r e s u l t  when higher resolut ions  are  
( o c c a s ~ i o n a l l ~ )  required. This r e s u l t s  i n  the  f i n e  pointing 
mode requirement of 0.01 degree per  second. 
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Ephemeris accuracy requirements r e s u l t  from the  requiremen* 
t o  be able t o  associate nonimaging sensor data with the  area 
being sensed ( f i e l d  of view) t o  within the  specif ied l im i t s  
(1 n m i )  i n  post - f l ight  data analysis .  Also, subsa t e l l i t e s  
sense magnetic phenomena and e l e c t r i c  f i e l d s ,  atmosphere, 
and gravi ty ,  t h a t  vary s i gn i f i c an t l y  over distances of 10 
t o  100 miles, and, therefore ,  the  OLS must be capable of 
es tabl ishing t h e i r  o rb i t s  t o  + 1 naut ica l  mile ( a l l  - 
di rec t ions ) .  

10. The power p r o f i l e  prepared from the  preliminary OLS Experi- 
ments Operating Plan indicates  a maximum average power con- 
sumption of 3.2 kw. This has been rounded up t o  4 kw i n  
these requirements t o  provide growth capabi l i ty .  A power 
l e v e l  of 6 kw i s  required t o  handle loads +;hat occur 
occasionally f o r  periods of l e s s  than one hour. The same 
4 kw i s  assumed diss ipated as heat and s izes  the  act ive  
thermal control  requirement of the  ECLSS. 

11. The data  r a t e  p r o f i l e  prepared from the  preliminary OLS 
Experiments Operating Plan indicates  a maximum sustained 
data r a t e  of 4.5 x 106 b i t s  per second. This has been 
rounded up t o  6 x 106 b i t s  per second i n  these  requirements 
t o  provide growth capabi l i ty .  Subsa te l l i t e  data processing 
accounts f o r  t h i s  requirement. An average r a t e  of approxi- 
mately 104 b i t s  per  second would r e s u l t  i f  s u b s a t e l l i t e  data 
management were not an OLS function. A l l  other ISS require- 
ments (storage,  command/control, displays,  data  processing, 
and timing) r e s u l t  from sca l ing  comparable EOSS study data,  
(see  a l so  Volume I, Section 4.0) 

12. A 5-foot diameter by 10-foot deep a i r lock  i s  required t o  
allow servic ing of Pioneer-class subsa t e l l i t e s  within 
t he  air lock.  
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5.0 CREW AND HABITABILITY PROVISIONS REQUIREMENTS 

The crew and habi tab i l i ty  provisions include crewmen of requis i te  
s k i l l s  and t h e i r  personal e f fec t s  and equipment; the  crew furnishings necessary 
f o r  crew comfort, recreation,  medical care, and exercise. A l l  special  l i f e  
support and emergency crew survival equipment i s  supplied by the ECLSS, The  
provisions a l so  include the i n t e rna l  cargo handling and t ransport  provisions 
and the r e s t r a i n t  devices required f o r  human manipulation and sa fe ty  as w e l l  
as t h e  crew's general equipment, including t h e i r  tools ,  mobility aids,  and 
radiat ion monitoring devices. A block diagram of the  cyew and habi tab i l i ty  
provisions i s  shown i n  Figure 5-1. 

Figure 5-1. Block Diagram of Crew and 
Habi tabi l i ty  Provisions 
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The crew and h a b i t a b i l i t y  provisions include those items necessary t o  
support, maintain, and opera t ional ly  a s s i s t  t h e  OLS crew i n  t h e  performance 
of mission functions and object ives.  The crew and h a b i t a b i l i t y  provisions 
for the  OLS include t h e  following: 

The crew 
Crew personal  equipment 
Crew equipment 
Crew mobil i ty a ids  
Crew r e s t r a i n t  devices 
Equipment r e s t r a i n t  devices 
Cargo handling/transport provis  ions 
Tools 
Radiation monitoring devices 
Crew furnishings  
Recreation 
Exercise 
Medical care 

5.2 PEW ORMANCE RFQUIREMEIWS 

The crew equipment items s h a l l  meet t h e  performance requirements 
del ineated i n  t h e  following paragraphs. These requirements a r e  arranged i n  
the same sequence as t h e  fbnc t iona l  requirements defined i n  paragraph 5.1. 

5 , 2 , l  Crew -- 
1, The OLS s h a l l  provide t h e  c a p a b i l i t y  t o  support a nominal 

crew complement of 8 crewmen with a maximum c a p a b i l i t y  t o  
support 20 crewmen f o r  55 days f o r  LSB rescue.*(l)  

2, Per t inent  crewman dimensions f o r  a 5 t h  and 95th p e r c e n t i l e  
crewman (presented i n  Figure 5-2) s h a l l  be used f o r  developing 
OLS i n t e r i o r  arrangements. Standing height ,  eye and shoulder 
heights  (s tanding) ,  and knee height  ( s i t t i n g )  s h a l l  be 
increased by 1.0 inch by t h e  add i t ion  of shoes. *(2) 

3. The dimensions shown on Figure 5-3 s h a l l  be employed f o r  
design purposes where sui ted/pressur ized t r a n s i t  o r  access 
i s  e i t h e r  required o r  ant ic ipated .  * ( 2 )  

4. The crew s h a l l  be se lec ted  and t r a i n e d  t o  perform tasks  
requir ing a mixture of s k i l l s  as determined by mission 
requirements and func t iona l  analys is .  *(2a) 

*Refer to spec i f i ed  i tem number i n  Sect ion 5.5 
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DIMENSION 

B - MAXIMUM REACH 

C - FUNCTIONAL REACH 

D - SHOULDER BREADTH 

E - HIP BREADTH (SITTING) 

F - SITTING HEIGHT 

G - BUTTOCK-KNEE LENGTH 

H - KNEE HEIGHT (SITTING) 

I - POPLITEAL HEIGHT 

J - EYE HEIGHT (STANDING) 

K - EYE HEIGHT (SITTING) 

L - SHOULDER HEIGHT 

Figure 5-2. P e r t i n e n t  I'~t.wrnan Iliiti~ns i ~ ln s  
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10.5 IN.  

36.0 

.4 IN. 

DIMENSION 

A - HEIGHT 

B - MAX BREADTH AT ELBOWS 
( A M S  RELAXED) 

C - MAX BREADTH AT ELBOWS 26.0 27.3 
(ARMS AT SIDE) j 

D - MAX DEPTH WITH PORTABLE 
LIFE SUPPORT SYSTEM (PLSS) 
& BACKUP OXYGEN (OPS) 

E - MAX DEPTH WITHOUT PLSS/OPS 

WEIGHT (LBS), WITH PLsS/OPS ,323.6 395.2 

FOR DIMENSIONS D AND E, 2" WAVE BEEN ADDED TO M X I M U M  CHEST DEPTH 
OF SUlTED/PRESSURIZED CRONMAN FOR PLSS CONTROL BOX, TO OBTAIN 
ENVELOPE DIMENSDNS. 
MUSURWENTS MADE ON A71 PGA, PRESSURIZED TO 3.75 PSIG. 

Figure 5-3. ~uited/Pressurized Crewman Envelope Dimensions 



Space Division 
North American Rockwell 

5.2.2 Crew Personal Equipment 

Crew Apparel "(3) 

Crew apparel  s h a l l  include those garments customarily worn by  t he  crew 
i n  a sh i r t s leeve  mode of operation. They s h a l l  provide f o r  general  comfort, 
warmth, and persp i ra t ion  absorption. Ar t ic les  of clothing required and t h e  
usage r a t e s  s h a l l  be i n  accordance with t he  following: 

Item 

Usage Rates ( ~ a y s )  

Nominal M a x i m u m  

S h i r t  (short-sleeve) 

Trousers 

Jacket  ( l ightweight)  

Undershirt 

Undershorts 

Socks (pa i r )  

Shoes  a air) 

Overalls 

16 

14 

Tour of duty 

3 

3 

Tour of duty 

Crew Linens "(3) 

Usage Rates ( ~ a y s )  

Sheets 10 

Blanket 

Towels 

Washcloths 

(Not Applicable) 

7 7 

2 7 

Crew Personal Effects  

Crew personal e f f ec t s  s h a l l  include t o i l e t  a r t i c l e s ,  grooming equip- 
ment, cleansers,  and items of personal  equipment of the  individual  erew1nanq s 
choice. * ( 3 )  

*Refer t o  spec i f ied  i tem nwriber i n  Section 5.5 

5-5 
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Miscellaneous Personal Equipment 

Personal r a d i a t i o n  dosimeters s h a l l  be provided f o r  each crewman. They 
s h a l l  be worn a t  a l l  times ( i n  pockets on crew garments) and s h a l l  be capable 
of measuring accumulated rad ia t ion  dosage.*(5) 

5.2 3 General Crew Equipment 

Crew Mobil i ty Aids 

Crew mobi l i ty  a ids  i n  t h e  form of handholds, guide r a i l s  and other 
devices s h a l l  be provided t o  f a c i l i t a t e  crew locomotion, s t a b i l i z a t i o n /  
bracing,  and t r a n s i t  i n  zero-g environment. They s h a l l  be capable of use i n  
e i t h e r  a s h i r t s l e e v e  or sui ted/pressur ized mode of operation. Handholds and 
guide r a i l s  s h a l l  be  a m i n i r u  of 1.0 inch i n  diameter with a 2.0-inch 
clearance t o  adjoining s t r u c t u r e  or  surface  t o  permit use with a gloved hand 
(sui ted/pressur ized operat ions)  .*(8) 

Crew Res t ra in t  Devices 

Crew r e s t r a i n t  devices, such as t e t h e r s l t e t h e r  a t t a c h  f i t t i n g s ,  
harnesses,  b e l t s  and s t r a p s ,  various foot  r e s t r a i n i n g  devices, and a r t i c u l a t e d  
or ex tens ib le  mechanical devices s h a l l  be provided f o r  bracing and s t a b i l i z a t i o n  
or preventing inadver tent  d r i f t  of a crewman, i n  t h e  zero-g environment. For 
a s h i r t s l e e v e  mode of operation, a s u i t a b l e  device s h a l l  be provided f o r  each 
bunk and chai r -seat ing device and f o r  each crew work s t a t i o n  and personal  
a c t i v i t y  func t ion  t o  maintain a r e l a t i v e l y  f i x e d  re la t ionsh ip  of t h e  crewman 
wi th  respect  t o  t h e  work s t a t i o n  o r  personal  a c t i v i t y  equipment. Su i t ab le  
devices compatible with t h e  PGA, s h a l l  be provided f o r  a ~ u i t e d / ~ r e s s u r i z e d  
mode of operation. Crew r e s t r a i n t  devices s h a l l  be re lega ted  t o  t h e  lower 
'body, l egs ,  and f e e t  t o  permit freedom of movement of t h e  upper to r so ,  arms, 
and hands .*(8) 

Equipment R e s t r a i n t  Devices 

R e s t r a i n t  devices s h a l l  be provided f o r  r e t e n t i o n  of a l l  items of 
loose equipment ( e  .g., equipment not  stowed i n  s torage  f a c i l i t i e s )  . A p o s i t i v e  
r e t e n t i o n / r e s t r a i n t  method, such as t e t h e r s  or  detachable mechanical devices, 
s h a l l  be required  f o r  l a r g e  items of equipment during crew handling (e.g.,  
eargo and equipment t r a n s f e r )  .*(8) 

Cargo Handling and Transport Provisions 

A mechanized t r anspor t  system s h a l l  be provided f o r  movement of heavy 
cargo, equipment, s e n s i t i v e  or  s p e c i a l  and personnel.z(8b) 

Tools 

Standard t o o l s  s h a l l  be provided f o r  ca l ib ra t ion ,  maintenance and 
r e p a i r  of t h e  various subsystems, experiment equipment items, and other LEP 
elements .*(8b) 

*Refer t o  s p e c i f i e d  i tem number Sect ion 5.5 
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Radiat ion Monitoring Devices 

I n  add i t ion  t o  t h e  personal  r a d i a t i o n  dosimeters provided as personal  
equipment and worn by t h e  crewmen, s u i t a b l e  devices s h a l l  be provided a t  
s e l e c t e d  loca t ions  wi th in  t h e  space s t a t i o n  t o  measure ambient r a d i a t i o n  
l e v e l s  as  we l l  as cumulative r a d i a t i o n  dosage .*(lo) 

5.2.4 Crew Furnishings 

For crew furnish ings  requirements see  Tables 5-1 and 5-2.*(11) 

5.2.5 Recreat ion 

Equipment s h a l l  be provided f o r  crew r e c r e a t i o n a l  purposes and o f f -  
duty crew re l axa t ion  f o r  t h e  s h i r t s l e e v e  and zero-g en-~ironments .*(l2)  

Passive entertainment a c t i v i t i e s  s h a l l  be provided i n  t h e  form of 
music ( e .  g . ,  intercom, tape  deck), t e l e v i s i o n  ( e i t h e r  t r ansmi t t ed  from m.oon, 
ground or  video t a p e ) ,  and movies (p ro jec to r  and stowable motion p i c t u r e  
screen)  . 

A t  l e a s t  two observat ion windows s h a l l  be provided f o r  r e c r e a t i o n a l  
e a r t h ,  moon and/or c e l e s t i a l  viewing. A captive-type l i g h t - t i g h t  cover 
s h a l l  be provided t o  c lose  off  t h e  windows when desired.  

5.2.6 Exercise 

Equipment s h a l l  be provided t o  accommodate crew phys ica l  condit ioning 
requirements i n  a s h i r t s l e e v e  zero-g environment.*(l3) 

5.2.7 Medical Care 

Equipment s h a l l  be provided f o r  medical and den ta l  care  of t h e  crew 
and s h a l l  be capable of operat ion i n  a s h i r t s l e e v e  zero-g environment, The 
type of measurements requi red  t o  be made by  t h e  OLS medical f a c i l i t y  a re  l i s t e d  
i n  Table 5-3.*(13) 

To provide t h e  medical support requi red  f o r  OLS, t h e  medical a rea  
must have one each of t h e  fol lowing f a c i l i t y  c a p a b i l i t i e s :  

Examination t a b l e  
Ster i1 ize . r  
~ e f  r i g e r a t o r l f r e e z e r  
F i e l d  type  x-ray 
Sink, l a v a t o r y  
Work su r face  
Se t  of medical d i agnos t i c  equipment 

*Refer t o  s p e c i f i e d  i tem number i n  Sec t ion  5.5 
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Table 5-2. Crew Furnishings Dimensional Criteria (~nches) *(8) 

eating restraints/chairs(*) 

ork Surfaces/tables/desks: 

General staterooms 
Commander's stateroom 
Tug Cmdr stateroom 

rimary galley: 

Recreation area 

Exercise area 

Fixed medical treatment area 

Knee space (for work surfaces/ 
tablesldesks) 

('k) Seat back to seating surface angle - 95 to 105 degrees 

5.3 OPERABILITY 

5.3.1 Reliability 

See Section 2.2. 

*Refer to specified item number in Section 5.5 
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Table 5-3. Measurements L i s t  f o r  t h e  OLS Medical F a c i l i t y  

C l i n i c a l  evaluat ion 

Cardiovascular 

I11 Respiratory 

I V  Metabolism 

C l i n i c a l  labora tory  

His tory  
I Physical  examination 

Electrocardiogram 
Vectorcardiogram 
Cardiac output 
A r t e r i a l  blood pressure  
Venous pressure 
Phonocardiogram 
Heart r a t e  

Lung volumes 
Timed v i t a l  capac i t i e s  
Airway res i s t ance  
To ta l  airway compliance 
Diffusion capaci ty  

Energy metabolism 
Balance s tud ies  
Body mass 
Temperatures (core  and sk in )  

Complete blood count 
Urinanlys i s  
Plasma volume 
E lec t ro ly tes  (blood and u r ine )  
Tota l  p ro te in  
Blood glucose 
Blood pH; p02; pCO2 
Reticulocyte counte 
Red blood c e l l  f r a g i l i t y  
Red blood c e l l  mass and s u r v i v a l  

Behavioral e f f e c t s  Vision t e s t  
Audiometric t e s t  

See Sect ion  2.2. 

- 

L K e f f ~ r  t,,) s pec i f i ed  item number i n  Section 5.5 
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5.3.3 Useful Life  

See Section 2.2. 

5.3.4 Environments 

See Section 2.2. 

5.3.5 Human Performance 

See Section 2.2. 

5.3.6 Safety  Provisions 

1, Provisions s h a l l  be made f o r  t he  p ro tec t ion  and survival  of 
the  f u l l  complement of personnel a t  an emergency l e v e l  during 
so l a r  storm a c t i v i t y  consis tent  with t he  rad ia t ion  allowables 
and with the  spec i f ied  rad ia t ion  environmental model and 
duration f o r  so l a r  storms.*(8f) 

2. Provision s h a l l  be made f o r  emergency medical treatment of 
s i c k  or in jured crewmen. For those s i c k  or  in jured crewmen 
t h a t  require medical treatment beyond t h e  OLS onboard 
capabi l i ty ,  f u r t he r  provisions must be made. This includes 
care and s t a b i l i z a t i o n  of t he  pa t i en t  u n t i l  medical a i d  can 
be brought i n ,  or  t he  pa t i en t  can be returned t o  ear th .  The 
minimum period f o r  which in jured crewman must be s t a b i l i z e d  
awaiting medical a i d  i s  120 hours .*(l4) 

3. Provisions s h a l l  be made f o r  t he  r e s t r a i n t  of i r r a t i o n a l  
personnel. 

4. Provisions f o r  su i t ed  IVA, EVA, and en t ry  i n t o  hazardous 
areas s h a l l  be based on t he  operation being conducted by  
a t  l e a s t  two men. Provisions s h a l l  be made f o r  t h e  rescue 
of one man by t h e  other i n  an emergency.*(8f) 

5. Provisions s h a l l  be made f o r  containing (e.g., confining) 
emergencies such as f i r e s ,  tox ic  contamination, depressurization,  
s t r u c t u r a l  damage, etc.*(8f) 

6. Provisions s h a l l  be made f o r  emergency treatment of in jured 
personnel following an accident t h a t  renders unavilable t he  
pressurizable volume containing the  primary medical f a c i l i t i e s  ,*(l3) 

7. Pressure s u i t s ,  backpacks and umbilicals ,  and r e l a t ed  support 
equipment s h a l l  be provided i n  r ead i l y  avai lable  locat ions  s o  
t h a t  two s u i t s  may be reached and donned from any loca t ion  i n  
the  OLS with any one pressurizable volume being inaccess ible  
due t o  an accident.*(8f) 

*Refer t o  specif ied item number i n  Section 5.5 
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5.4 l'@JoR INTERFACES 

5,4,1. Experiment Provisions 

1. Crew support f o r  experiment operations equivalent t o  f i v e  
men working one 10-hour s h i f t  per  day s h a l l  be provided.*(6, 8) 

2, The crew s k i l l  mix s h a l l  be as i den t i f i ed  i n  t he  Experiment 
Operating Plan. The OLS crew required f o r  experiment opera- 
t i ons  s h a l l  have t h e  s k i l l s  necessary t o  ac t iva te ,  operate, 
maintain, record, and analyze data, and deactivate t he  on- 
board experiments f o r  each s c i e n t i f i c  d i sc ip l ine  represented. 

5.4-2 Structures  

General 

The OLS i n t e r i o r  s h a l l  be designed i n  accordance with good a rch i tec tu ra l  
and decorator p rac t ices  i n  order t o  provide comfortable, e f f i c i e n t ,  and 
at- tractive l i v i n g  and working spaces. The i n t e r i o r  arrangement s h a l l  insure 
crew comfort, ef f ic iency,  and physiological  and psychological well-being. 
The arrangement of a l l  equipment wi thin  a given area  s h a l l  be i n  an upright 
(ear th- l ike)  orientat ion.*(8) 

The OLS i n t e r i o r  s h a l l  be pa r t i t i oned  i n t o  bas ic  funct ional  areas 
including t h e  following: "(8) 

Individual  crew staterooms 
Food preparation,  preservation and serving areas 
Dining a rea  
Recreation area  
Personal hygiene areas 
Exercise area 
Medical treatment a rea  
Work areas 
Storage areas 
Aisles,  passageways, and tunnels 

Mounting provisions s h a l l  be provided throughout t he  OLS f o r  mobil i ty 
aids and r e s t r a i n t s  , including handhold, guide r a i l s ,  footholds , and/ or 
Gethers required f o r  crew locomotion and/or bracing/s tabi l iza t ion.  Design 
features  which should be considered include: "(8) 

Spacing of mobil i ty a ids  s h a l l  be such t h a t  e i t h e r  these  
devices, vehicle s t ruc ture ,  or equipment/accommodations 
sha , l l  always be wi thin  reach of a crewman. 

*Refer t o  spec i f ied  i tem number i n  Section 5.5 
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Mobility aids s h a l l  be mounted on equipment or accommodations 
where appropriate as well  as on vehicle s t ructure .  

Design of vehicle s t ruc ture  equipment and accommodations s h a l l  
consider features  which inherently provide a mobili ty a id  
capabil i ty.  

Handholds s h a l l  be e i t he r  the r ig id ,  f l ex ib l e  or recessed type, 
as appropriate t o  a spec i f ic  location. 

Guide r a i l s  s h a l l  be located between 36 inches and 40 inches 
above the f l oo r  and s h a l l  be provided on both s ides  of a i s l e s  
and pass ageways. 

Handholds s h a l l  be appropriately located with respect t o  crew 
mobility requirements. 

A continuous guide r a i l  s h a l l  be provided f o r  crew interdeck 
t r a n s i t .  The cargo t ransport  device may provide the capabi l i ty  
f o r  t h i s  purpose. 

Where ladders are provided f o r  interdeck t r a n s i t ,  the  clearance 
behind ladders t o  a surface or bulkhead s h a l l  be no l e s s  than 
6 inches, and the  climbing space i n  f ron t  of ladders s h a l l  be 
a minimum of 32 inches wide by 32 inches deep. 

The wall-to-wall area requirements a re  included i n  Table 5-4. 

Table 5-14, Wall-to-Wall Area Requirementsu(8) 
(8-  an) 

Staterooms - General 
Galley - Primary 

Recreation 

Personal Hygiene - Primary 

*Refer t o  specified item nuniber i n  Section 5.5 
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Al l  equipment i n s t a l l ed  within the OLS s h a l l  be such t h a t  access t o  the 
pressure hu l l  can be r ead i ly  achieved f o r  inspection and/or repair .  The 
access provisions s h a l l  be such t h a t  a ~ u i t e d / ~ r e s s u r i z e d  crewman can gain 
access t o  the  pressure hu l l  (equivalent of a m i n i m  32 inches by 78 inches 
accessway.* (8) The access requirements are l i s t e d  i n  Table 5-5. 

Table 5-5. Access Requirements (~a tchways /~oors  )*(8) 

Functional Area 

General crew staterooms 

Commanders stateroom 

Tug commanders stateroom 

Primary galley 

Backup galley 

Dining area 

Recreation area 

Personal hygiene area 

Grew exercise area 

Medical treatment area 

Crew work station 

Height (Inches) Width (Inches) 

Minimum Preferred 

Provisions s h a l l  be made f o r  i l lumination as shown i n  Table 5-6. 

Crew Aceommodations 

There s h a l l  be eight individual crew staterooms designed f o r  s ingle  
occupancy during routine operations and dual occupancy during periods of 
crew overlap or emergencies. Occupancy during routine operations s h a l l  be 
considered t o  be 180 days, dual occupancy during overlap f o r  periods up t o  
16 days, and dual occupancy during OLS emergencies f o r  periods up t o  30 days. 

"( 15) 

- 
*Refer t o  specif ied item nwiber i n  Section 5.5 
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Table 5-6. OLS Lighting Requirements ( ~ o o t - ~ a n d l e s ) + + ( 8 )  

Overhead Supplementary 
Area Local (2) 

Emergency 
(1) 

Crew staterooms (6) 

Commanders and exp. 
Coordinator staterooms 
(2 )  

Primary galley 

Backup galley 

Primary dining 

Recreation 

Personal hygiene 
Lavatories 
Toilets 
Showers 

Exercise 

Medical 

Work stations 
Maintenancelrepair 
Experiment 

Control centers 

Airlocks 

Aisles, passageways 
Tunnels-direct diffused 

50 

10 

variable to 
30 (3) 

variable to 
30 (3) 

Selectable 
50 and 150 

30-50 
30-50 

variable 
5-50 

Desk 50 
Bunk 50 

Desk 50 
Bunk 50 
Grooming 50 

Work counter 50-70 

Work counter 30 

Eating surface 
30-50 

30-50 

5 0 

- 
Work counter 50-70 

Work counters 50-70 
Work counters 50-70 

5 

5 

5 

5 

5 

5 

5 
5 
5 
5 

5 

100 
diffused 
500 (4) 

10 
10 

10 

5 

(1) Foot-candles are measured 30 inches above deck. 
(2) Unless specified, intensities are measured at the surface of use,, 
(3) Variable lighting to 30 foot-candles may be designed with 0.5 foot- 

candle low limit to provide night light. 
(4) Auxiliary diffused illumination of 500 foot-candles will be provided, 

automatically actuated in event of power failure. 
(5) Diffused 500- to 1000-foot-candle lamp shall be located above the 

examination chair and be directionally adjustable in medical and 
dental area. 

(6) Low-level lighting shall always be on except when emergency lighting 
is in use. 

*Refer t o  specif ied item nuniber i n  Section 5.5 
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For emergency case involving rescue of crew from another lunar explora- 
t i o n  program system ( i .e . ,  LSB or RNS i n  lunar  o r b i t ) ,  t h e  OLS must provide 
support t o  a t o t a l  of 20 men fo r  , 55 days with addi t ional  crew support 
capab i l i ty  avai lable  from two docked tugs .* (1)  

The staterooms s h a l l  be divided equally between two separate pressure 
voLvsaes with the  commander's and tug commander's staterooms i n  d i f f e r en t  
voiwnes .*(l6) 

Galbey Requirements* (16) 

I, Provisions s h a l l  be made f o r  a ga l l ey  which i s  capable of 
providing the  nu t r i t i ona l  needs of t h e  8-man crew. 

2, The ga l ley  s h a l l  be capable of being occupied by up t o  
two crewmen simultaneously during periods of food 
preparation. The ga l l ey  s h a l l  be capable of serving a 
minimum of four  crewmen simultaneously. 

3. A backup ga l l ey  s h a l l  be provided which i s  capable of 
s a t i s fy ing  t he  nu t r i t i ona l  needs of the  8-man crew f o r  
a period of a t  l e a s t  30 days .*(l7) 

4, The backup ga l ley  s h a l l  be i n  t he  opposite pressure volume 
from the  primary galley.  

5, The backup ga l ley  s h a l l  be capable of preparing and serving 
only dr ied (rehydratable) ,  thermostabilized (canned), or 
other types of packaged food not requiring spec ia l  preparation 
equipment or r e f r i ge r a t i on  or other preservation techniques .*(l7) 

Dining Area Requirements* (17) 

1, One dining area  s h a l l  be provided which i s  capable of 
accommodating up t o  four  crewmen simultaneously during 
periods of routine operations. 

2,  OLS crewman s h a l l  u t i l i z e  staterooms, a i s l e s ,  or  other 
avai lable  space as backup f o r  t he  dining area.*(16) 

Recreation Area ~equirements*( l7)  

1, A recreat ion area  s h a l l  be provided which s h a l l  be 
u t i l i z e d  by t he  crew f o r  re laxat ion and entertainment 
during off -duty hours. 

2 ,  The recreat ion area  s h a l l  be located adjacent t o  t he  
primary dining area. 

*Refer t o  specif ied item n&er i n  Section 5.5 
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3. The recreat ion area  s h a l l  be capable of accommodating up t o  
four  crewmen simultaneously during periods of rout ine  
operations. The area  s h a l l  be used i n  conjunction with the  
dining area  t o  provide accommodations f o r  up t o  8 men f o r  
purposes other than recreat ion such as meetings. 

Personal Hygiene Requirements* (17) 

1. The personal hygiene f a c i l i t i e s  s h a l l  be divided equally 
between the  two pressure volumes and s h a l l  be located on 
t h e  same decks as t he  individual  crew staterooms. 

2. Equipment s h a l l  be arranged t o  maximize personal  privacy 
and t o  minimize in terference between crewmen using 
adj  acent equipment. ~creens /doors  s h a l l  be provided i n  
f ron t  of the  t o i l e t s  and shower dressing areas f o r  personal 
privacy. 

Crew Exercise Area Requirement 

A crew exercise area  s h a l l  be provided f o r  crew conditioning and 
physical  f i t n e s s  and be located adjacent t o  or  as a p a r t  of t h e  medical 
area.*(l3) 

Medical Treatment Area Requirements 

One medical treatment area  f o r  rout ine  crew monitoring s h a l l  be 
provided. The medical treatment area  s h a l l  a l s o  be capable of supporting 
t h e  diagnosis and treatment of crew in ju r i e s  and i l l ne s se s  .* (13) 

Intervolume Airlock Requirements * (16) 

1. An intervolume a i r lock  capable of accommodating two 
crewmen s iml taneous ly  s h a l l  be provided between pressure 
volumes. 

2. The a i r lock  s h a l l  have a minimum height of 84 inches and 
a minimum diameter of 60 inches f o r  a cy l indr ica l  a i r lock  
or  equivalent. 

3. Outward opening hatches and associated actuat ing mechanisms 
f o r  access t o  and egress from each pressure volume s h a l l  
be provided. 

Requirements f o r  Aisles, Pass ageways, and Tunnels* (8) 

1. Aisles,  passageways, or tunnels s h a l l  be provided wherever 
crew, cargo, or equipment t r ans f e r  i s  required. 

*Refer t o  spec i f ied  i tem number i n  Section 5.5 
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2. Aisles and passageways f o r  crew t r a n s f e r  only s h a l l  have a 
minirmum width of 32 inches with 36 inches t o  42 inches 
preferred.  The height s h a l l  be a minimum of 82 inches with 
86 inches preferred.  A height of 84 inches s h a l l  be 
considered as nominal. 

3 ,  Tunnels f o r  crew t r a n s f e r  only, which a re  l e s s  than seven 
f e e t  i n  length, s h a l l  have a minimum diameter of 42 inches; 
tunnels which a re  g rea te r  than seven f e e t  s h a l l  have a 
minimum diameter of 48 inches. 

Acoustic Noise Limitations* (8) 

1, Acoustic noise l eve l s  s h a l l  be maintained such t h a t  no 
adverse psychophysiological e f f ec t s  w i l l  be produced. 

2,  Noise l eve l s  s h a l l  not cause discomfort t o  crewmen nor 
i n t e r f e r e  with communication between crewmen a t  normal 
voice l eve l s  up t o  distances of 18 f e e t .  

3 ,  Continuous noise l eve l s  s h a l l  not exceed 50 decibels  i n  
the  speech in terference l e v e l  (SIL) range (600 t o  4800 
~ e r t z )  , 70 decibels  a t  frequencies below SIL, nor 60 
decibels  a t  frequencies above SIL. 

4, The maximum acoust ic  noise l eve l s  f o r  various frequencies,  
i n  r e l a t i o n  t o  OLS f'unctional areas s h a l l  be i n  accordance 
with the  values spec i f i ed  i n  Figure 5-4. 

Vibration Limitations* (8) 

1, Vi'bration emitt ing equipment s h a l l  not be located i n  crew 
l i v ing  areas,  and where required i n  crew work areas ,  s h a l l  
be shock-mounted, insula ted,  or  otherwise dampened s o  as 
not t o  adversely a f f e c t  crew performance, 

2 ,  Where necessary, sea t ing  and r e s t r a in ing  devices s h a l l  
incorporate provisions t o  absorb percept ib le  v ibra t ions .  

Zn?.ironmental Protection Subsystem -- 
1, Provide thermal and meteoroid protect ion.  

2 Provide rad ia t ion  protection.* (8 f )  

*Refer t o  spec i f i ed  item number i n  Section 5.5 
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FREQUENCV BAND - HERTZ 

SLEEPAEST AREAS 

CONTROL AREAS WHERE COMMUNICATIONS ARE 
CRITICAL: AREAS WHERE SOME CONCENTRATION 
AND RELAXED COMMUNICATION MAY BE 
DESIRABLE (RADIO AND TELEVISION LISTEN1 NG)  

AREAS WHERE GOOD COMMUNICATION CONDI- 
TIONS ARE NOT ESSENTIAL (SOME DISTRACTION 
TO EXTERNAL NOISE CAN BE PERMITfED)r INTERNAL 
NOISE GENERATION DUE TO OTHER ACTIVITIES 
MAY BE  PRESENT^ GENERAL WORK/LIVING AREAS 

Figure 5-4. Maximum Acceptable Acoustical Noise Levels 
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Radiation protect ion s h a l l  be provided t o  l i m i t  crew radiat ion dosage 
as specif ied below ( a l l  doses i n  rem). 

Skin (0.1 mm) 

Marrow ( 5  cm) 

*This l i m i t  may be doubled i f  the  crewman i s  not exposed 
t o  any fur ther  radiat ion f o r  the  succeeding 12 months 
following the  one year counted fo r  exposure (e.g., no 
more than 80 rem i n  a 24-month period). 

The sa te  l i m i t  f o r  radiat ion from a l l  a r t i f i c i a l  sources s h a l l  not exceed 
0,15 rein/day. 

5.4,4 E l e c t r i c a l  Power Subsystem 

E. E l ec t r i ca l  power s h a l l  be provided f o r  general, supple- 
mentary, and emergency i l lumination f o r  the  areas shown 
i n  Table 5-6.*(16) 

2. E l ec t r i ca l  power s h a l l  be provided f o r  one color t e l e -  
vis ion s e t  i n  each crew stateroom.*(l6) 

3. E lec t r i ca l  power s h a l l  be provided f o r  the  crew-related 
recreat ion and entertainment equipment i n  the  recreation 
area. The equipment and associated power requirements 
a re  as follows: *(16) 

Item I Power (watts)  

Movie pro j e c t  or 

Color te lev is ion  

Tape deck I 50 

4, The following e l e c t r i c a l  power s h a l l  be provided f o r  
each PGA: *(18) 

a. 56 vdc - 2 amperes a t  the  umbilical in terface when 
the s u i t  i s  i n  operation 

b. 250 watt-hours f o r  ba t t e ry  charging of each PGA 

*Refer t o  specif ied item number i n  Section 5.5 
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5. E l e c t r i c a l  power s h a l l  be provided f o r  t he  f i e l d  ty-pe 
X-ray i n  t he  medical treatment area. This s h a l l  require  
an average of 200 watts f o r  operation. 

6 .  The capab i l i ty  and e l e c t r i c a l  power s h a l l  be provided f o r  
recharging t h e  portable l ights .*( lg)  

5.4.5 Environmental ~ o n t r o l / ~ i f  e Support Subsystem 

The cabin atmosphere s h a l l  consis t  of an oxygen/nitrogen mixture a t  a 
normal operating pressure of 14.7 p s i a  but  capable of operating a t  se lected 
pressures between 10 p s i a  and 14.7 psia .  The atmospheric t o t ad  pressure s o  
provided w i l l  maintain t he  p a r t i a l  pressure of oxygen i n  t he  a.lveolar spaces 
of t he  lungs between t h e  l im i t s  of 100 mm Hg t o  120 mm EIg. The various 
oxygen/nitrogen mixtures necessary t o  provide a p a r t i a l  pressure of oxygen 
of 3.08 p s i  and an a lveolar  p a r t i a l  pressure of oxygen o-j:' 100 mm Hg f o r  
cabin atmospheres ranging from 14.7 t o  10.0 p s i a  a r e  as  follows: 

*Refer t o  specif ied item number i n  Section 5.5 
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Carbon dioxide tens ions  on t h e  OLS s h a l l  be maintained below 7.6 mm Hg 
i n  a l l  habi table  areas .  The atmosphere const i tuents ,  including harmful a i r -  
borne t r a c e  contaminants, s h a l l  be i d e n t i f i e d ,  monitored, and control led  i n  
each pressur ized compartment of t h e  OLS . 

I n  t h e  event of OLS pressure  h u l l  damage r e s u l t i n g  i n  pressure  decay 
i n  a pressure  volume. t h e  dura t ion of acceptable crew performance s h a l l  be 
considered t o  be t h a t  per iod of time u n t i l  a p a r t i a l  pressure of oxygen of 
l,9 p s i  i s  reached. 

F a c i l i t i e s  s h a l l  be provided f o r  prebreathing 100 percent  oxygen, f o r  
precondit ioning a crewman p r i o r  t o  IVA/EVA operations. 

The c a p a b i l i t y  s h a l l  be provided t o  maintain t h e  temperature nominally 
between 65 F and 75 F i n  habi table  regions of t h e  OLS. Se lec t ive  (independent) 
temperature control ,  on an a rea  b a s i s ,  s h a l l  be provided. 

The temperature of i n t e r i o r  exposed surfaces with which a crewman may 
come i n  contact  s h a l l  not be l e s s  than 57 F f o r  both  meta l l i c  and nonmetallic 
surfaces  nor more than 105 F f o r  both  meta l l i c  and nonmetallic surfaces .  

The water vapor p a r t i a l  pressure  s h a l l  be maintained between 8 t o  12 
mm Hg, and no condensation s h a l l  form on i n t e r n a l  surfaces.  

A i r  ~ e l o c i t p ( 8 )  

A i r  v e l o c i t y  s h a l l  be maintained between 15  f e e t  per  minute and 100 
l e e t  per  minute, wi th  40 f e e t  per  minute as  t h e  nominal v e n t i l a t i o n  f lowrate.  
The c a p a b i l i t y  s h a l l  be provided t o  ad jus t  t h e  f lowrate f o r  crew comfort. 

Auxil iary v e n t i l a t i o n  f o r  loca l i zed  cooling and comfort s h a l l  be 
provided, wi th  both v e n t i l a t i o n  f lowrate  adjustment and s e l e c t a b l e  d i r e c t i o n a l  
flow f o r  c e r t a i n  areas .  

Odor control"(8) 

Provisions f o r  odor con t ro l  s h a l l  be provided wi th in  each pressur ized 
compartment of t h e  OLS. 

Contamination ~ o n t r o l *  (8, 13) 

~ e r o b i o l o g i c a l l y  and b a c t e r i o l o g i c a l l y  contaminated waste mater ia l  
shall be d i s in fec ted  as  c lose  as  poss ib le  t o  i t s  source p r i o r  t o  s torage ,  
process ing or  disposal .  

*Refer t o  s p e c i f i e d  item number i n  Sect ion 5.5 
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Table 5-7. Potable Water Requirements 

Cabin Pressure 

14.7 p s i a  10.0 p s i a  

Beverages plus water i n  food 

Totals  

Water loss  

Ins ens i b l e  (lungs + l a t e n t  ) 

Sensible (perspira t ion)  

Urine 

Water i n  feces 

Totals 

Crew shower water (based on two showers/man/week a t  17.2 
pounds of waterlshower ) - 4.9 pounds/man/day 

  is hwas hing/housekeeping - 3.0 pounds/man/day 

Laundry - 4.0 pounds /man/ day 

Hot water (155 degrees F +/- 5 degrees F )  and cold water (50 degrees F 
4-1- 5 degrees F )  s h a l l  'be provided i n  su f f i c i en t  quan t i t i es  f o r  crew usage 
i n  both personal hygiene areas and food preparation areas.  

The capab i l i ty  s h a l l  be provided f o r  mixing hot and cold water i n  a 
su i t ab l e  r a t i o  s o  as t o  provide water a t  a temperature comfortable f o r  crew 
washing and showering. 

Food Management* ( 7) 

Food s h a l l  be provided f o r  crew consumption i n  accordance with t he  
following requirements. 

*Refer t o  spec i f ied  item number i n  Section 5.5 
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1. Daily ca lor ic  requirements s h a l l  be as follows: 

Normal d i e t  - 3000 kcal  per  man 

Contingency d i e t  (shor t  duration) - 2000 kcal  per  man (minimum) 

2. The food management equipment s h a l l  provide t h e  following 
types of food i n  t he  approximate proportions specified:  

Dried and freeze-dried (rehydratable)  45 percent 

Frozen 30 percent 

Thermostabilized (canned) 20 percent 

Fresh 5 percent 

3. The food supply charac te r i s t i cs  s h a l l  be as follows: 

Tota.1 food supply (dry) 1.68 lb/man-day 

Dried foods ( a l l  types) 1.04 lblman-day 

Dry por t ion of wet foods 
(frozen, canned, f resh)  

Food not ingested 0.18 lb/man-day 

Water i n  wet foods 0.96 lb/man-day 

Packaging material: 

Dried foods 0.73 lblman-day 

Wet foods 0.45 lb/man-day 

4. Individual  and bulk food packaging and preparation capab i l i ty  
s h a l l  be provided. 

The equipment necessary t o  prepare, preserve, and serve t he  food 
required t o  s a t i s f y  the  crew nu t r i t i ona l  needs s h a l l  be provided.*(8) 

EVA/IVA Pressure Garment Assemblies 

A t o t a l  of four  pressure garment assemblies (PGA) and t h e i r  support 
equipment s h a l l  be provided. Two PGA' s and t h e i r  support equipment s h a l l  be 
provided i n  each pressure volume of t he  OLS .*(6a) 

*Refer t o  specif ied item nwriber i n  Section 5.5 
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Each PGA s h a l l  provide a mobile l i f e  support chamber f o r  a crewman and 
shall. contain a 100-percent oxygen environment a t  an operating pressure of 
3.75 +/- 0.25 psia .  The PGA environment s h a l l  be supplied by e i t he r  of the  
following, depending upon t he  mode of operation: 

1. EVA - a self-contained portable l i f e  support system (PLSS) 
with an at tached oxygen purge system (OPS) (emergency 
oxygen supply) . 

2. I V A  - through an umbilical  system from the  OLS ECLSS, 
connecting t o  a pressure control  u n i t  (PCU) worn on the  
PGA. The capab i l i ty  t o  use the  PLSS/OPS f o r  IVA operations 
a l s o  s h a l l  be provided. 

When an umbilical  system i s  u t i l i z e d ,  these umbilicals s h a l l  supply 
oxygen and l i qu id  cooling capab i l i ty  and s h a l l  provide f o r  two-way voice 
comunications,  transmission of bioinstrumentation s ignals  from the  crewman, 
and transmiss ion of e l e c t r i c a l  power and caution/warning s ignals  t o  t he  crew- 
man, Umbilicals f o r  IVA usage s h a l l  be provided as follows:*(6b) 

1. Two s e t s  of shor t  umbilicals emanating from the  intervolume 
a i r lock  of su f f i c i en t  length t o  permit two suited/pressurized 
crewmen t o  reach storage locations of long umbilicals. 

2. Two s e t s  of long umbilicals s h a l l  be provided i n  each pressure 
volume emanating from a cen t ra l  loca t ion  and of su f f i c i en t  
length t o  permit two ~ u i t e d / ~ r e s s u r i z e d  crewmen t o  reach any 
locat ion i n  e i t he r  pressurized volume. 

In  addi t ion t o  the  PLSS/OPS or umbilicals/PCU f o r  l i f e  support,  the  
following equipment s h a l l  be required f o r  use with each PGA: (e igh t  of each 
i tem s h a l l  be provided, on t he  bas i s  of two per pressure volume and four  
shall. be provided f o r  s c i e n t i f i c  exploration) .*(6a) 

1. Liquid cooling garment (LCG) s h a l l  be worn as an under- 
garment f o r  t he  PGA t o  provide f o r  general comfort, 
pe rsp i ra t ion  absorption, and thermal t r ans f e r  between 
t he  crewman's body and the  garment's cooling media. 

2. Fecal  containment equipment (FCE) s h a l l  'be worn as an 
undergarment f o r  t he  LCG t o  permit defecation during a 
su i ted  mode. 

3. Urine col lect ion and t r ans f e r  equipment (UCTE) s h a l l  be 
worn over the  LCG while a crewman i s  i n  t he  PGA t o  provide 
f o r  the  col lect ion and intermediate storage of urine.  
Subsequent t r ans f e r  of ur ine  from the  UCTE t o  the  OLS waste 
management assembly s h a l l  be required, u t i l i z i n g  a UCTE 
clamp and a UCTE t r ans f e r  adapter. 

-*Refer t o  specif ied item number i n  Section 5.5 
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4. Bioinstrumentation assenibly s h a l l  be worn with t he  LCG t o  
provide t he  capab i l i ty  f o r  physiological  monitoring of a 
crewman. 

5. Personal c o m n i c a t i o n s  equipment s h a l l  be worn with t h e  
PGA t o  provide dual earphones and dual microphones f o r  
crew voice communications capabi l i ty .  

6 .  Extravehicular (EV) gloves s h a l l  be worn f o r  EVA i n  l i e u  
of t he  in t ravehicular  (IV) gloves normally provided f o r  
t he  PGA. 

Life support expendables s h a l l  be provided f o r  EVA/IVA as  follows: 

There a re  no s c hedule d EVA/IVA. Uns che duled EVA/TVA 
would occur fo r  emergency r epa i r  or  maintenance of 
experiments or  disabled pressure volume. In  t he  case 
of cabin puncture due t o  meteoroid penetrat ion,  IVA 
f o r  2 men f o r  4 hours i s  required. 

Emergency General Crew Equipment 

Emergency general crew equipment s h a l l  consis t  of por table  l i g h t s  sand 
a medical accessories ( f i r s t  a id )  k i t .  They s h a l l  s a t i s f y  t he  following 
performance requirements. 

Portable Lights. A t o t a l  of four por table  l i g h t s  s h a l l  be provided 
f o r  emergency maintenance or  inspection i n  t he  event of power f a i l u r e ,  Each 
por table  l i g h t  s h a l l  be capable of providing f loodlight-type d i r ec t  ill 
of 100 foot-candles a t  a distance of 10 f e e t  and not l e s s  than 50 foot-candles 
a t  t h i s  same distance a f t e r  3 hours of continuous operation. Each por table  
l i g h t  s h a l l  have a carrying handle and actuat ion device compatible f o r  use 
with a gloved hand ( s u i t e d / ~ r e s s u r i z e d  operations ) .*(9) 

Medical Accessories K i t ,  A medical accessories ( f i r s t  a i d )  kit s h a l l  
.be provided. This k i t  s h a l l  be capable of providing f o r  medical emergencies 
when t he  pressure volume i n  which t h e  medical treatment area  i s  located i s  
untenable. This k i t  s h a l l  include such items as  o r a l  drugs, in jec tab le  drugs, 
dressings,  bandages, and t op i ca l  agents .*(g) 

Emergency Personal Equipment 

Emergency personal equipment s h a l l  consis t  of an emergency f u l l  Pace 
oxygen mask, which s h a l l  provide f o r  emergency breathing i n  t h e  event of smoke 
or tox ic  gases. Sixteen oxygen masks s h a l l  be provided i n  s t r a t e g i c  places of 
t he  OLS. An in t eg ra l  oxy en b o t t l e  on each mask s h a l l  provide a minimum 5 5-minute oxygen supply, * ( ) 

*Refer t o  spec i f ied  item number i n  Section 5.5 
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5. -4 6 Information Subsystem 

Alarms and ~ i s p l a y s * ( 8 )  

Audio and v i sua l  alarms s h a l l  be provided i n  a l l  habitable areas. The 
audio alarms s h a l l  be both  tone and voice with t h e  voice alarm defining t h e  
crew ac t ion  t o  be taken (e.g., preprogrammed crew act ions) .  The v i sua l  alarms 
shall be of t h e  f l ash ing  l i g h t  type and s h a l l  be used pr imari ly  t o  a l e r t  the  
crew t o  t h e  presence of a dangerous or  po t en t i a l l y  dangerous s i tua t ion .  

Two-way i n t e r c o m n i c a t i o n s  s h a l l  be provied. 

Two-way hardline and RF communications s h a l l  be provided between the  
primary o r  backup control  s t a t i ons  and crewmen performing IVA/EVA i n  pressure 
s u i t s ,  

The capab i l i t y  f o r  p r i va t e  communications with t he  ground s h a l l  be 
provided, 

The capab i l i t y  t o  receive se lec tab le  entertainment type audio and 
nicat ions  (music and t e l ev i s ion )  s h a l l  be provided. 

The capab i l i t y  t o  broadcast (time-delayed) se lectable  ea r th  rad io  and 
t e l ev i s ion  programs s h a l l  be provided. 

1, Crew. Refer t o  Section 5 of Volume 2 f o r  ra t iona le  f o r  - 
requirement t o  support 20 men fo r  55 days i n  event 
of LSB f a i l u r e .  

2. - Crew. The anthropormorphic data  given was taken from a 
l e t t e r  from t h e  Department of t he  A i r  Force, Charles E. 
Caluser, Chief, Antropology Branch, Human Engineering Division, 
6570th Aerospace Medical Research Laboratory, WPAFB, Ohio 45433, 
Summary Data 1967 Survey, dated 13 March 1970. The or ig ina l  
EOSS data  was based on t he  1950 AF survey taken from AF Report 
No. WADC-TR-52-321 and NR Sketch No. SKA 0016 An Pressure 
Garment Assy Dimensions, dated 19 October 1967. 

a. Crew se l ec t i on  and t r a in ing  f o r  OLS operations has as i t s  
prime purpose t h a t  of providing t he  required crew s k i l l s  
with t he  l e a s t  number of crewmen possible and yet  adequately 
support OLS mission objectives.  

*Refer t o  spec i f i ed  item nwriber i n  Section 5.5 
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3. Crew usage r a t e s  a r e  based on common usage under normal 
ear ths ide  conditions. 

4. Emergency Personal Equipment. Sixteen emergency oxygen 
masks have been provided t o  have a t  l e a s t  one mask f o r  
each crewman onboard t o  support t h e  crew overlap period 
during crew ro t a t i on  which can extend up t o  16 days before 
t he  RNS re turns  t o  ea r th  o rb i t .  

5. Based on Apollo requirements. 

6. EVA/TVA Pressure Garment Assemblies: 

a. Four PGA1s a r e  used f o r  lunar  surface work and can be 
considered as p a r t  of t h e  s c i e n t i f i c  equipment payload, 
The remaining four  PGA1s provide backup i n  t he  event of 
pressure l o s s  i n  e i t h e r  s t a t i o n  pressure volume and a l s o  
provide t h e  capab i l i ty  f o r  ex te rna l  s t a t i o n  maintenance, 
Also, two of these  four  s u i t s  would provide t h e  PGA' s 
f o r  t he  OLS f l i g h t  crew performing a tug  rescue of t he  
lunar  surface s o r t i e  crew. 

b. For purposes of IVA wi thin  a disabled s t a t i o n  pressure 
volume, only two s e t s  of shor t  umbilicals  and two s e t s  
of long umbilicals a re  provided. This quant i ty  provides 
t h e  minimum t o  f u l f i l l  t he  s a f e t y  requirement t h a t  every 
EVA/IVA operation must have a s a f e t y  backup man who can 
rescue t he  working crewmen i n  case of accident. 

7. Based on EOSS zero-g sh i r t s leeve  operations f o r  an energy 
output of 11,900 ~ t u / m a n / d a ~ ,  Apollo data  and data  from 
t h e  Compendium of ~u&n  kesponses t o  t h e  Aerospace 
Environment, NASA CR-1205, Volume 111, November 1968. 

8. Based on one or more of t he  following documents covering 
human engineering c r i t e r i a :  

a. McCormick, E. J., Human Engineering, McGraw-Hill Book Co,, 
Inc . , New York (1957) . 

b. Xorgan, C. T . ,  e t  a l ,  
Design, McGraw-Hill B 

c. Standard-Human Engineering Design Cr i t e r i a ,  M S F C - S T D - ~ ~ ~ A  
(23 September 1966). 

d. 

e. Bio-Astronautics Data Book, NASA SP-3006 (1964). 
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f .  Guidelines and Constraints Document, EOSS Program 
Definit ion,  Phase B, MSC-00141, Space S ta t ion  Task Group, 
Advanced Missions Program Office, MSC, Houston, Texas. 

9. One por table  l i g h t  per  deck should be adequate f o r  emergency 
use of portable l i g h t s  based on EOSS requirements and t he  
probable number of emergencies t h a t  may be expected. This i s  
based on EOSS requirements and a s a f e t y  f ac to r  of having a 
l imi ted medical capab i l i ty  i n  e i t h e r  pressure volume. 

10, Based on Apollo requirements and t he  EOSS Guidelines and 
Constraints document (see i tem 8f above). 

11.. Based on presen t ly  accepted OLS crew s ize .  See i tem 1. 

12. Based on EOSS developed requirements, 8d above, and 
The Intangibles of Habi tab i l i ty  During Long Duration Space 
Missions, T. M. Fraser,  Report No. NASA CR-1084 ( ~ u n e  1968). 

13. Based on NASA's medical program as a t  l e a s t  p a r t i a l l y  
reported i n  t he  following documents: 

a. Berry, C. A., e t  a l ,  Apollo 7 t o  11 Medical Conserns 
and Results ,  NASA Memo TMX-58034 (~ovember 1969). 

b. Berry, C. A., e t  a l ,  A Biomedical Program f o r  Extended 
Space Missions, NASA-IGC (May 1969). 

c. The NASA Program f o r  an Integrated Medical and Behavioral 
Laboratory Measurement System, by N. Belasco and S. L. Pool, 
M. D. , NASA MSC, Houston, Texas. 

d, Candidate Experiment Program f o r  Manned Space Sta t ions ,  
NASA Report NHB 7150.XX (15 Septerdber 1969). 

14, Emergency Medical Treatment. The ti,me required t o  b r ing  an 
addi t ional  medical team onboard t he  OLS or t he  t r a n s i t  time 
required t o  r e tu rn  a pa t i en t  t o  ea r th  f o r  f u r the r  medical 
care i s  dependent on t he  following assumptions and/or 
conditions . 
a. A medical decision must be made t h a t  the  pa t i en t  e i t h e r  

can or cannot be moved. The types and s eve r i t y  of a 
given i n ju ry  t h a t  would preclude a t  l e a s t  immediately 
of moving and subjecting t he  pa t ien t  t o  t he  r igors  of 
t r a n s i t  and ea r th  reen t ry  g forces  a re  b r a in  concussion, 
r e t i n a l  concussion, sp ina l  concussion, engorged appendix, 
broken r i b s ,  and a crushed chest cavity. 
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b. Assume the  in ju ry  or i l l n e s s  occurs between CIS f l i g h t s ,  
which would require emergency t r ans f e r  of the  pa t i en t  by 
space tug, or f o r  'bringing tha  medical team t o  t he  OLS, 

c. Assume t h a t  one OLS based tug i s  down on a 28-day lunar 
surf  ace so r t i e .  

d. Before the  second lunar tug could leave the  OLS f o r  
e a r th  o rb i t ,  t he  lunar surface tug would have t o  abort 
t h e i r  surface mission and re tu rn  t o  t he  OLS. 

e. Emergency t r ans f e r  time from lunar o rb i t  by space tug 
e n t a i l s  : 

24 hours of lunar o rb i t  f l i g h t  operations t o  T E I  
56 hours of TE coast time 
5 hours f o r  e a r th  shu t t l e  rendezvous and docking or 

27 hours t o  rendezvous with t he  EOSS 

(1) This adds up t o  a minimum time of 85 hours assuming 
a shu t t l e  can be made ready and placed i n  an orb i t  
coincident with t h a t  of t he  incoming space tug. 

( 2 )  I f  the  space tug has t o  go t o  t he  EOSS t o  t r ans f e r  
t he  pa t ien t ,  a t o t a l  of 107 hours w i l l  be required, 

(3) The times given i n  items (1) and (2) w i l l  have t o  
be extended by t he  time it takes t o  f u e l  and prepare 
t he  tug  f o r  an ea r th  o rb i t  mission. Present time 
estimates f o r  tug refuel ing a re  between 8 and 12 
hours. Perhaps the  other tug checkout and 
preparation tasks  can be accomplished during t he  
12-hour refuel ing s o  there  would be no more than 
a 12-hour delay f o r  space tug preparation. 

(4)  Additional time w i l l  be required f o r  abort ing t he  
lunar surface tug s o r t i e  mission. The time here 
would be depending on t he  lunar surface f l y e r  and 
rover missions. How f a r  out a re  they and how long 
does it take t o  get  them back t o  t he  space tug? 
And then, how long does it take t o  prepare the  tug 
f o r  launch t o  lunar o rb i t?  

Also, it i s  necessary f o r  t he  earthbound tug t o  
await f i n a l  OLS docking of the  tug  returning from 
the  lunar surface,  which assumes t h a t  t he  in jured 
crewman being returned t o  ea r th  was on t he  OLS and 
not from the  lunar surface s o r t i e  crew? Before 
t h i s  emergency time t o  re tu rn  t o  ea r th  can be f i rmly 
fixed,  t he  above questions concerning vehicle opera- 
t ions  and lunar surface mission operations must be 
resolved. 
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f .  For t h e  case of taking a medical team out t o  t he  OLS 
from ea r th  t o  provide care f o r  in jured crewmen t h a t  
cannot be moved because of t h e  nature of t h e i r  in ju r ies .  
The t r a n s i t  times out a re  approximately the  same as those 
required f o r  returning from lunar o rb i t .  Also, t he  
problems of s h u t t l e  and tug  preparation times and avai l -  
a b i l i t y  must be resolved before minimum t r a n s i t  time can 
be determined. 

g. See item 13 above f o r  other medical requirements. 

15 Crew Accommodations 

a. See ra t iona le  number 4 f o r  t he  overlap time. 

b. Dual occupancy of staterooms ( i n  e i t h e r  pressure volume) 
during emergencies has been t en t a t i ve ly  s e t  a t  30 days 
f o r  OLS o p e r a t i ~ n s  with nominal 8-man crew based on t he  
following assumptions and conditions: 

(1) Emergencies can come i n t o  being from accidents of 
t he  following type or kind and t he  s eve r i t y  of 
each incident w i l l  general ly  d i c t a t e  t he  length 
of time t he  emergency ex i s t s .  

F i r e  
Mechanical damage 
Explosion 
Loss of pressur izat ion 
Fluid  leakage 
Coll ision 
Food or  water contamination 
Meteoroid penetra t ion 
Loss of e l e c t r i c a l  power 
Atmospheric contamination 

( 2 )  Assume mechanical damage on or within one pressure 
volume which renders it non-ha.bitable u n t i l  there  
i s  major replacement of hardware t h a t  must be 
procurred from ear th .  

(3) Assume the  hardware i s  avai lable  but  must be 
checked out and prepared f o r  launch t o  EO, 3 days. 

(4) Shut t l e  preparation can be accomplished during 
hardware procurement. 

(5) CLS preparation can begin a t  t he  time of s h u t t l e  
preparation. 

(6) CLS windows f o r  T L I  occur approximately every 11 
days. ( ~ e f e r  t o  Section 7.0 of Volume 11) 
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(7) Assume t h a t  hardware procurement, shu t t l e  
preparation,  and CLS preparation times f o r  a 
spec ia l  mission could cause slippage by a t  
l e a s t  one CLS window. Therefore, minimum time 
t o  CLS TLI including hardware procurement i s  
22 days. 

(8) Assume the  CLS time EO t o  LO i s  128 hours plus 
24 hours i n  lunar o rb i t  or s i x  days. 

(9) The times f o r  the  above functions (items 7 and 8) 
add up t o  28 days of t r a n s i t  time f o r  spec ia l  
mission. This t r a n s i t  time plus 2 days f o r  equip- 
ment i n s t a l l a t i o n  and checkout s e t s  t he  require-  
ment f o r  t o t a l  crew occupancy within one pressure 
volume of t h e  OLS a t  30 days. 

10) This 30-day time span f o r  a correctable OLS 
emergency s e t s  t he  minimum time requirements 
f o r  l i f e  support consumables and t he  capab i l i t i e s  
of t he  supporting f a c i l i t i e s  i n  each pressure 
volume of t he  OLS f o r  t he  case of OLS p a r t i a l  
f a i l u r e s .  ( ~ e f e r e n c e  Section 7.0 of Volume 11) 

16. EOSS developed requirement and ra t iona le  i tem 8 above. 

17. EOSS developed requirements and ra t iona le  i tem 8. 

18. EOSS developed requirements and Apollo crew equipment power 
requirements. 

19. EOSS developed requirements and ra t iona le  items 8 and 9. 
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6.0 DOC KING .PROVISIONS REQUIREMENTS 

Docking provisions support and/or provide t he  capab i l i t i e s  f o r  align- 
ment and control  of approaching tugs o r  other spacecraf t  from stat ionkeeping 
through docking. It a l s o  provides t h e  capab i l i t i e s  f o r  coupling and urn- 
coupling crew and cargo modules. An a rea  f o r  a sh i r t s l e eve  environment t o  
t r an s f e r  crew, cargo, and equipment between t h e  docked elements s h a l l  be 
provided. Docking provisions a l s o  contain t h e  in te r faces  f o r  supplying 
u t i l i t i e s  t o  docked elements. 

6.1 FUNCTIONAL REQUIREMENTS 

6.1.1 Acquisition and Alignment 

1. Provide means f o r  v i sua l ,  video, and radar  contact .  

2. Provide docking aids.  

3. Provide mounting accommodations. 

6.1.2 Controlled Mating 

1. Provide precontact  and contact  alignment, 

2. Provide capture. 

3. Provide a t tenuat ion and s t a b i l i z a t i o n  

4. Provide pulldown. 

5. Provide f o r  hard dock latching.  

6. Provide pressure s ea l .  

6.1.3 u t i l i t i e s  In te r face  

1. Provide e l e c t r i c a l  power in te r face .  

2. Provide information (da ta )  in te r face .  

3. Provide f l u i d  t r a n s f e r  in te r face .  

4. Provide p ressur iza t ion  in te r face .  

5. Provide a i r  c i r cu l a t i on  ducting. 

6. Provide l i q u i d  cooling couplings. 
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7. Provide water supply and return.  

8, Provide pumpdown capabil i ty.  

6.1~4 Crew and Cargo Transfer 

2 ,  Provide t r ans fe r  means. 

2. Provide sh i r t s leeve  t r ans fe r  environment. 

6,1,5 Thrust Loads and Docking Forces 

Provide s t ruc tu ra l  capabi l i ty  t o  withstand th rus t  loads and docking 
forces.  

6,1,6 Struc tura l  In t eg r i t y  

Provide s t ruc tu ra l  i n t e g r i t y  between the OLS and docked elements. 

6-2 PmORMANCE REQUIREMENTS 

The docking function permits the  OLS t o  meet a var ie ty  of operational, 
logistic, and sa fe ty  requirements, It is  a mechanical, f l u id ,  e l e c t r i c a l  
system "cat must operate e f fec t ive ly  throughout the  l i f e  of the  OLS. Docking 
provisions s h a l l  be common t o  t he  cislunar shu t t l e  and lunar landing tugs and 
other program elements t h a t  w i l l  be mated t o  the  OLS. 

6.2,~ Acquisition and Alignment of Docking ~lements*(2) 

1. Each docking por t  s h a l l  have a t  l e a s t  one window. The window 
s h a l l  provide a minimum of - + 15 degree square f i e l d  of view.*(2,6) 

2. The i n t e r i o r  of each docking interface s h a l l  be illuminated 
by low-level f l u sh  mounted l ights.*(6) 

3. A t  each docking port  window, there  . sha l l  be mounting provisions 
t o  physically a t tach  the CCTV camera and the approach radar 
equipment.*(5,7) 

4. Corner cube re f lec tors  s h a l l  be provided a t  each docking 
port .  

6,2,2 Controlled ~ a t i n g * ( 3 )  

I. The docking function s h a l l  be capable of precontact and 
contact alignment f o r  docking elements with the following 
ve loc i ty  and alignment: 

*For ra t ionale ,  r e f e r  t o  specif ied nwfbered item i n  Section 6.5 
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a. Axial veloci ty  (closing velocity) up t o  0.5 f e e t  
per second 

b. Radial veloci ty  (cross-axis t r ans l a t i on  r a t e )  up 
t o  0.3 f e e t  per second 

c. Angular velocity. (change of r a t e  i n  a t t i t ude )  up 
t o  0.5 degrees per second 

d. Radial alignment (center l ine  miss distance) up t o  
5 inches 

e. Angular alignment (p i tch  and yaw misalignment) up t o  
+ 4 degrees - 

f .  Rotational alignment ( r o l l  misalignment) s h a l l  be 
l imited t o  - + 4 degrees*(?) 

2. The docking function s h a l l  provide capture of docking elements 
with a mass up t o  t h a t  of a c is lunar  shu t t l e  a t  the  -X axis 
por t  and the mass of a f u l l y  loaded tug plus propellant 
module a t  a l l  other por ts  (5360 slugs) .*(5,10) 

3. The docking function s h a l l  be capable of attenuation of a 
force of 3750 pounds and s t ab i l i za t ion  within 90 seconds . ~ - ( 4 , 5 )  

4. The docking function s h a l l  provide p u l l  down of a 10-inch 
attenuation stroke.*(&) 

5. The docking function s h a l l  provide hard dock accepting a 
force of 4000 pounds.*(4,5) 

6 .  Pressure s e a l  - provide a pressure-t ight s e a l  against  the  
maximurn atmosphere design presswe i n  e i t h e r  direction.  

6.2.3 U t i l i t i e s  1nterface*(5,6 - a l l  u t i l i t i e s  interfaces  except where 
added ra t iona le  noted) 

The docking function s h a l l  provide a standard u t i l i t i e s  in te r face  across 
a l l  docking ports ,  The character is t ics  of the  u t i l i t i e s  interface a re  included 
below. 

1. Elec t r i ca l  power capabi l i ty  provisions s h a l l  include two 
power connectors, 180 degrees apart. The charac te r i s t ics  
of the  e l e c t r i c a l  power available a t  each port  s h a l l  be as 
follows : 

*For ra t ionale ,  r e f e r  t o  specif ied numbered item i n  Section 6.5 
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Average power demand of 4 kw a t  any docking por t .  
Maxim susta ined power demand s h a l l  be 6 kw f o r  a 
duration of l e s s  than one hour; frequency of occurrence 
w i l l  not be more than twice i n  24 hours. 

Provisions s h a l l  be made t o  allow a docked element ground t o  
be t rans fe r red  t o  t he  OLS VGP and not use the  docked element 
s t ruc ture .  

2. Information capab i l i ty  i s  included f o r  t he  following: 

Provide mounting provisions f o r  t he  connection t o  
t h e  i n t e r n a l  communication busses . 
Provisions s h a l l  be made f o r  t he  connection of a 
CCTV camera and receiver.  

Provisions s h a l l  be made f o r  connection of two-way 
hardline voice c o m n i c a t i o n s  between t he  docked 
elements. 

3.  Fluid  Transfer. A l l  of t h e  docking por t s  s h a l l  provide f o r  
t h e  following t r ans f e r  of cryogenics : 

Can be t rans fe r red  same time as 
anything except LH2 

F lu id  

LR2 Can be t rans fe r red  same time 

Transfer Rest r ic t ions  

LH2 Should be r e s t r i c t e d  t r ans f e r  w / ~ e  
purge before and a f t e r  

4. Pressurization.  Provisions s h a l l  be made f o r  atmospheric 
p ressur iza t ion  a t  each docking port., 

5. A i r  Circulation. Provisions s h a l l  be made f o r  a i r  c i rcu la t ion  
ducting a t  each docking por t .  

6, Liquid Cooling. Provisions s h a l l  be made f o r  l i qu id  cooling 
connections a t  each docking por t .  

7. Water. Provisions s h a l l  be made f o r  water t r ans f e r  connections 
a t  each docking por t .  

8, . Provisions s h a l l  be made f o r  pumpdown ducting a t  
each docking por t .  
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6.2.4 Crew and Cargo Transfer 

1. Provide means f o r  crew and cargo t rans fe r .  Each docking por t  
s h a l l  have a minimum c lear  5-f oot diameter opening .*(4,5,6,8) 

2. Each docking por t  s h a l l  be maintained so  t h a t  t he  la tching and 
seal ing of the  docking por t  a f t e r  hard dock w i l l  allow crew 
and cargo t r ans f e r  between docked elements i n  a sh i r t s leeve  
environment .*(4,5,6,8) 

The -X axis  docking por t  s h a l l  have su f f i c i en t  s t r u c t u r a l  i n t e g r i t y  t o  
accept a x i a l  t h ru s t  loads of 3 8 ~  pounds f o r  o r b i t a l  mar,euvers and a t t i t u d e  
control .  A l l  docking por ts  s h a l l  have su f f i c i en t  s t reng th  t o  withstand doeking 
and undocking induced forces.  

6.2.6 S t ruc tura l  I n t eg r i t y  Between OLS and Docked Element* (5,7,10) 

1. Each docking por t  s h a l l  be capable of maintaining f o r  
extended periods of time hard dock of a space tug of 
15 f e e t  diameter and 55 f e e t  length (approximate weight 
of 8 5 ~  pounds). 

2. A t  l e a s t  one docking por t  s h a l l  be capable of docking an 
e l e c t r i c a l  power module of 14 f e e t  diameter, 38 f e e t  
length, and approximate weight of 1 1 K  pounds on t he  
representa t ive  OLS; and 14 f e e t  diameter, 42 f e e t  length, 
and 2 4 ~  pounds on t h e  der ivat ive  OLS . 
Note: The on-orbit weight of t h e  OLS f o r  these  calculations 

has been estimated a t  157K pounds f o r  the  representa t ive  
OLS and 222K pounds f o r  the  der ivat ive  OLS. 

6.3 OPERABILITY 

6.3.1 R e l i a b i l i t y  

Redundancy s h a l l  be provided as a minimum f o r  each a t tenuator ,  Lateb 
mechanism, and s ea l s  ( see  Section 2.2). 

6.3.2 Maintainabil i ty 

See Section 2.2. 

6.3.3 Useful Life  

See Section 2.2. 

*For ra t ionale ,  r e f e r  t o  spec i f ied  nunibered item i n  Section 6.5 
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6,3.4 Environment 

See Section 2.2. 

6,3.5 Human Performance 

See Section 2.2. 

1. The capab i l i ty  s h a l l  be provided f o r  t h e  separation of unmanned 
docked vehicles from the  OLS i n  t he  event of an uncontrollable 
emergency on t he  vehicle. 

2, Provisions s h a l l  be made f o r  t he  emergency seal ing of docking 
por t s  i n  t he  event of unplanned leakage.*(5,7) 

3. Two independent means s h a l l  be provided a t  each docking por t  
f o r  permitt ing personnel transfer." (5,7) 

6,4 TYIAJOR INTERFACES 

The docking funct ion s h a l l  provide f o r  l o g i s t i c  support of experiment 
resupply during normal operations by providing access t o  the  l o g i s t i c s  space- 
c r a f t ,  

6,4,2 Structures  

1. The representa t ive  OLS core module s t ruc ture  s h a l l  provide 
f o r  the  attachment of s i x  docking por ts  .*( l )  

2 The s t ruc ture  s h a l l  provide addi t ional  support as required 
t o  strengthen the  hard docked posi t ion.  

3. The end docking por t  on t he  -X axis s h a l l  be s u f f i c i e n t l y  
strong t o  withstand t he  a x i a l  t h ru s t  load of 3 8 ~  pounds f o r  
use i n  ea r th  and lunar o r b i t a l  maneuvers and TLI a t t i t u d e  
control.*(g) 

.4, The attachment of t he  docking por t  t o  t he  s t ruc ture  s h a l l  
withstand the  docking forces and i n t e rna l  pressure. 

5,  The docking por t /s t ructure  in te r face  s h a l l  be designed t o  
f i t  the  common NASA Space Program docking assembly. 

6, Docking por t  requirements are  given i n  Table 6-1.*(1) 

*For ra t iona le ,  r e f e r  t o  specif ied numbered item i n  Section 6;5 
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Table 6-1. Docking Provisions 

OLS Representative Configuration, 
Docking Port  Requirements 

Power boom ( f o r  assembly) 

Dual-support cargo module 

'I"4z 

Experiment module ( fo r  assembly) 

Spare 

Subtota l  

Additional OLS Derivative Configuration 
Docking Port Requirements ( f o r  assembly j 

Crew quarters module 

Control center 

Galley and recreat ion 

Cryogenic storage module 

Subtota l  

TOTAL 

OLS 

*One each i n  separate pressure volumes 
S - Side; A - Axial; B/T - Bottom and/or Top 

7. Four act ive/act ive  docking adapters s h a l l  be provided f o r  both  
t he  representa t ive  and der ivat ive  OLS configurations. These 
adapters w i l l  permit t he  mating of two elements i n  t he  OLS 
program which both have passive docking mechanisms. 

6.4.3 Reaction Control Subsystem 

1. The capab i l i ty  t o  r e fue l  cryogenic tanks v i a  any docking 
por t  s h a l l  be provided without EVA operations, regardless 
of whether or not t he  OLS i s  pressurized. The following 
capab i l i t i e s  s h a l l  be provided across t he  docking in te r face :  
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Transfer of l i qu id  oxygen 

Transfer of l i qu id  hydrogen 

Transfer of l i qu id  nitrogen 

A minimum of one f i l l  and one vent connection f o r  each f l u i d  
s h a l l  be provided. 

4,4., 4 Environmental Protect  ion Subsystem 

iF;t each docking por t ,  t he  docking function s h a l l  provide t he  at tach- 
ment points so  t h a t  t he  environmental protect ion subsystem can provide a 
docking por t  cover. This cover i s  required t o  p ro tec t  t he  docking por t  
against  aerodynamic and boost loads during launch and t o  provide on-orbit 
protect ion from micrometeoroids when t he  docking por t  i s  not i n  use. Pro- 
visions s h a l l  'be made f o r  OLS remote opening of the  protect ive  cover a t  two 
docking por t s  f o r  the  i n i t i a l  docking operation. 

6,4,5 E l e c t r i c a l  Power Subsystem 

The docking function s h a l l  provide a t  each common docking por t  
accommodations f o r  t he  following EPS u t i l i t i e s  through the  docking interface:  

1. Two connections each with a five-wire ac 400 Hz c i r c u i t  
capable of 4.0 kw a t  120 t o  208 vo l t s .  The f i f t h  wire 
being f o r  s t ruc ture  ground. 

2, Two connections f o r  controls including redundant information 
subsys tem. 

3 ,  When a vehicle or experiment i s  docked t o  t he  OLS, i t s  
ground system s h a l l  be t rans fe r red  t o  t he  OLS vehicle ground 
point  and s h a l l  not use the  docked vehicle s t ructure .  

4, When a detached experiment or  docked vehicle is  on i n t e rna l  
power with t he  OLS connected, t he  module power d i s t r i bu t i on  
s h a l l  prevent power flow from the  docked vehicle t o  t he  OLS 
or vice versa. 

5, Caution and warning functions f o r  monitoring t he  docked 
vehicle w i l l  be provided by the  OLS p r io r  t o  energization 
of t he  power connection. Under no condition s h a l l  power 
be permitted on any wire of the  docking function connections 
during connection/disconnection operations. 

Environmental ~ o n t r o l / ~ i f e  Support Subsystem 

1, The docking provisions w i l l  require t h a t  t he  docking por t  wall  
temperature i s  above t he  dew point  p r i o r  t o  pressur izat ion.  
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2. The ECLSS s h a l l  be supplied with t h e  following in te r faces :  

a. Attach points and c lea r  area  f o r  personnel access 
with blower and ducting t o  supply t he  crew l i f e  
support environment. 

b. Provisions f o r  those docking por t s  which support 
t he  experiment module a re  as follows: 

(1)  Fluid  couplings f o r  water del ivery and r e tu rn  

(2)  Coolant loop couplings and heat  exchanger 

(3) Provisions f o r  gaseous 02 supply 

(4) Provisions f o r  02, N2 pressur iza t ion  supply 

(5) Provisions f o r  a i r  c i rcu la t ion  

(6) Provisions f o r  p q d o w n  capab i l i t y  

6.4.7 Information Subsystem 

1. Provide t he  capab i l i ty  t o  connect t h e  i n t e r n a l  communication 
busses and TV channels t o  docked elements. 

2. Provide f o r  two-way voice cammunication between t h e  docked 
elements. Provide f o r  up t o  t h r ee  TV channels between 
docked elements. 

3. Data channels s h a l l  be provided t o  perform a checkout of 
docked elements. The OLS i n t e r n a l  computations and 
processing capab i l i ty  w i l l  be used t o  monitor t h e  element 
subsystems and perform rout ine  diagnostic exercises  t o  
ve r i fy  module readiness f o r  re lease  from t h e  OLS. 

6.5 RATIONALE 

The docking provisions a r e  required t o  permit safe ,  rout ine  operations 
and intervehicular  t r ans f e r  without extravehicular a c t i v i t i e s .  During the 
OLS mission operations timeframe, a nuniber of manned and unmanned spacecraft 
w i l l  require common docking provisions. The OLS's docking provisions w i l l  
i n te r face  with tugs and while i n  ea r th  o r b i t  with t h e  EOS as  does t he  EOSS, 
and EOSS design data  has been used as  a ba s i c  ra t iona le  f o r  t h e  elements 
defined herein. 

1. Docking Port Requirements. The s i x  docking por t s  required 
f o r  t he  representa t ive  OLS configuration a re  based on t h e  
mission model of two tugs,  one power module, one dual- 
support cargo module, one experiment module, and one spare. 
The spare i s  required t o  permit servic ing or r epa i r  of 
other docking locat ions ,  f l e x i b i l i t y  of tug operations 
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during lunar o r b i t  l o g i s t i c s ,  and t he  docking of t he  LSB 
tug  i n  t he  event of an LSB emergency should a f u l l  complement 
of docked vehicles be present.  With t he  possible exception 
of t h e  power module dock, t he  docking provisions would be 
t h e  same a t  each location.  I n  t he  event of emergencies 
requir ing docking of a tug when t h e  spare i s  i n  use, one of 
t h e  docked elements can be t rans fe r red  t o  a docking por t  
not i n  use on another docked element. 

The addi t ional  der ivat ive  OLS docking por t  requirements a re  
based on t h e  mission model of one power module, two core 
modules, -two crew quar ters  modules, one ga l ley  module, two 
control  center modules, two cryogenic storage modules, two 
tugs ,  one experiment module, and one dual-support cargo 
module. 

2. Acquisition and Alignment. The docking por t  and provisions,  
as t h e  f i n a l  goal  of t h e  approaching vehicle, must provide 
t a r g e t  information t o  t h e  control l ing system. During t he  
docking phase, docking provisions must support or provide 
ve r i f i c a t i on  t h a t  t he  OLS has acquired t he  approaching 
vehicle. The f i n a l  approach and docking mneuver requires 
provisions t o  s a f e l y  control  t he  r a t e s  and or ien ta t ion  of 
t h e  approaching vehicle. Considerations of s a f e t y  and 
docking element momentum t r ans f e r  indicates  t h a t  t h e  radar 
t racking and telemetry must be an ac t ive  element i n  t he  
acquis i t ion  and alignment phases of t he  docking maneuver. 

3* Controlled Mating. Controlled mating i s  required f o r  
s a f e t y  and design eff ic iency.  

b ,  Commonality of Elements. The use of t he  docking provisions 
as  an ac t ive ,  mechanical system over t he  OLS l i f e  indicates  
a s t r i ngen t  requirement f o r  design adequacy and durabi l i ty .  
The use of spec ia l  purpose, dedicated docks could conceivably 
reduce t h e  weight of individual  por t s ,  but  s a f e ty  and 
redundancy considerations makes t he  spec ia l  purpose concept 
untenable. Many previous programs and s tudies  have shown 
t h a t  commonality i s  preferred on those systems requiring 
multiple docking por ts .  

5. Operational Cr i t e r ia .  Requirements indicat ing operational  
loads and conditions a r e  p r inc ipa l l y  derived from p r io r  EOSS 
e f fo r t s .  Factors of s a f e t y  a re  derived from Section 2.3, 
4.1, and t h e  mission operations described i n  Section 7.0 
of Volume 11. 

6, In te r face  Requirements. The ro l e  of t he  docking provisions 
as  t h e  means used t o  s a t i s f y  in te rveh ic le  i n t e r f ace  require- 
ments r e s u l t s  i n  a number of elements i den t i f i ed  by  reference 
t o  other subsystem sect ions .  I n  those cases where t he  affected 
subsystem does not specify  in te r faces  with an ac t ive  docked 
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vehicle, data from the EOSS study have been used. In  a l l  
cases it has been assumed tha t  the docking provisions would 
support open-hatch operations with docked tugs. I n  the open- 
hatch s i tuat ion,  it i s  assumed t h a t  the OLS and the  tug 
operate as an in tegra l  uni t  and can share u t i l i t i e s ,  crew, 
and information through the docking provisions. 

7. Safety. See Section 2.3. 

8. General. See Section 2.2. 

9. Load Transmission. The -X axis docking port  must be capable 
of transmitting the 38~-pound thrus t  loads imposed by a sDaee 
tug during o rb i t a l  maneuvers i n  ear th  or lunar orbit:  he 
250K-pound th rus t  loads imposed during cislunar f l i g h t  w i l l  
be transmitted from the cislunar shut t le  through a larger  
thrus t  r ing t o  the outer frame of the OLS. 

10. Mass of Docked Elements. The OLS mission concept ca l l s  for  
the docking of the OLS t o  a cislunar shut t le  pr ior  t o  T L I  
a t  the -X &is port. There are two principal-candidates f o r  
a CLS: the reusable nuclear stage (RNS) with a f u l l y  loaded 
mass of approximately 4 0 0 ~  pounds ( 1 2 . 4 ~  slugs) and the 
chemical propulsion stage (CPS-1) with a f u l l y  loaded mass 
of approximately 6 1 0 ~  pounds (18.9K slugs).  The other OES 
docking ports must have the capabi l i ty  t o  accept a f u l l y  
loaded tug plus propellant module of approximately 1 7 3 K  
pounds ( 5 . 3 6 ~  slugs ) . The mission concept does not c a l l  
f o r  the docking of the EOS t o  the OLS i n  ear th  orb i t  
(zpproximately 290K pounds or 9 K  slugs).  
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7.0 S U B S Y S T E M  R E Q U I R E M E N T S  

Functional and performance requirements defined f o r  t he  Orbiting L u Y I . ~ ~  
S t a t i on  (OLS) subsystems a re  presented i n  t h i s  section.  Rationales f o r  
requirements are  included where t he  reasons f o r  these  requirements are  not 
inmediately obvious. OLS subsystem requirements were derived from EOSS sub- 
system requirements with an allowance made f o r  t he  g rea te r  s a f e t y  require- 
ments of lunar o rb i t  operations, increased l o g i s t i c s  costs ,  the  e f f ec t  of 
lunar or'bit environment, differences i n  t he  planned science program, and the  
d i f f e r en t  ex te rna l  system in te r faces  required during OLS operations. 

A summary of t he  funct ional  requirements f o r  each subsystem with 
s ign i f i c an t  performance requirements i s  given below. 

Structures  Subsystem 

The s t ruc ture  s h a l l  provide t h e  following: 

Habitable pressurized volumes f o r  crew habi ta t ion 
and work 

Shel ter ,  support,  and protect ion f o r  other onboard 
subsystems 

In te rna l  storage capab i l i ty  f o r  expendables and 
experiments 

She l te r  and mounting provisions f o r  other funct ional  
program elements 

Necessary s a f e ty  provisions and aids f o r  crew operations 

Storage and protect ion of i n t e r n a l  equipment during 
launch and ascent 

Airlocks 

1. The -X axis  docking por t  s h a l l  have su f f i c i en t  s t reng th  t o  
withstand t h e  38K-pound t h r u s t  loads f o r  o r b i t a l  maneuvers 
and a t t i t u d e  control  applied by  a tug. 

2. The s t ruc ture  s h a l l  provide f o r  240 square f e e t  of i n t e r n a l  
laboratory f l o o r  space and 45 square f e e t  f o r  an experiment 
control  center,  which a l s o  serves as a backup OLS control  
center. 
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3. The s t ruc ture  s h a l l  provide f o r  an experiment module which 
w i l l  accommodate those experiments t h a t  cannot be incorporated 
i n t o  t he  bas ic  OLS configuration. These experiments s h a l l  
have 110 square f e e t  of mounting area  normal t o  l o c a l  ve r t i c a l .  
The experiment module w i l l  a l so  include an a i r lock  with EVA 
capabi l i ty  f o r  s u b s a t e l l i t e  service  and repair .  

4. The s t ruc tu r e  mst accommodate a s o l a r  storm she l t e r  which 
w i l l  p ro tec t  t he  crew from major so l a r  f l a r e  event radia t ion.  

5. The representa t ive  OLS configuration requires s ix  docking 
por ts .  The der ivat ive  OLS configuration requires 13 docking 
por ts .  Due t o  t he  pa r t i cu l a r  charac te r i s t i cs  of t he  modular 
concept, t he  derivative OLS configuration exceeds the  minimum 
required docking por ts .  

The ECLSS s h a l l  s a t i s f y  t he  following funct ional  requirements: 

Atmospheric s t  orage and supply 
C02 management 
Atmospheric control  
Active thermal control  
Water management 
Waste management 
Hygiene 
F ood management 
Specia l  l i f e  support 

1. The cabin atmosphere 02 s h a l l  be maintained a t  a p a r t i a l  
pressure of 3.1 p s i a  minimum t o  3.5 p s i a  maximum. Nitrogen 
i s  t h e  atmospheric di luent  . The t o t a l  atmospheric pressure 
s h a l l  be 14.7 p s i a  with deviations t o  10.0 p s i a  minimum. 

2. Provisions f o r  e ight  men f o r  30 days s h a l l  be avai lable  i n  
e i t h e r  pressure volume with one docked tug  f o r  addi t ional  
crew support i n  the  event of OLS emergencies. 

3.  Provisions f o r  20 men f o r  55 days s h a l l  be provided 
with two docked tugs f o r  addi t ional  crew support i n  t he  
event of LSB or  CLS emergencies. 

4. Capabil i t ies sha.11 be provided f o r  an emergency repressur izat ion 
of the  OLS pressure volumes ( 2 0 ~  cubic f e e t ) .  

5. Storage capacity w i l l  be s ized  f o r  180 days without resupply. 

6, A laundry w i l l  be provided. 
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7. No ITVA/EVA a c t i v i t y  i s  scheduled but a capab i l i ty  s h a l l  
be provided f o r  a 2-man N A  f o r  four  hours i n  t h e  event 
of cabin depressurization due t o  meteoroid punctures. 

8. The ECLSS w i l l  process a m a x i m  of 29.5 lb/day of waste 
i n  addi t ion t o  30 lblmonth of waste and t r a s h  from 
experiments. 

E l ec t r i c a l  Power Subsystem 

Major EPS functions are: 

Primary power generation 
Secondary power generation 
Energy s t  orage 
Power conditioning 
Dis t r ibut ion control  and wiring 
Lighting 

1. The average power requirement of t he  OLS f o r  rout ine  lunar 
o rb i t  operations i s  20 kw. 

2. The EPS s h a l l  be capable of supplying 1.9 kw f o r  one year 
of lunar o rb i t  quiescent storage. 

3. The EPS s h a l l  supply t he  OLS with 15 kw during an ea r th  
ec l ipse  . 

4. The EPS s h a l l  supply t he  OLS with 10 kw during so l a r  f l a r e  
events. 

5. Primary power s h a l l  be regulated 400 Hz, 1201208 vac with 
a l imi ted amount of 56 vdc available.  

6. Power qua l i t y  s h a l l  be per  MIL-STD-704, 

7. An average of 4 kw s h a l l  be supplied f o r  experiment support,  
A peak power demand of 7 kw f o r  one minute s h a l l  be avai lable  
with a maximum sustained load of 6 kw f o r  l e s s  than one hour, 

Information Subsystem 

ISS funct ional  requirements include : 

External communications 
In te rna l  communications 
Tracking 
Display and control  
Data processing 
Software 
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1. Five coherent duplex channels s h a l l  be provided f o r  
communications and tracking. 

2. Beam pointing within 3 db beamwidths. 

3.  The ISS s h a l l  be responsible f o r  medium-range tracking 
(1000 f e e t  t o  450 n m i  from t h e  OLS). 

7 4. Data processing acquis i t ion r a t e  i s  1 x 10 bps. 

5. Data processing r a t e  i s  1 x lo7 bps. 

7 6. Data processing d i s t r i bu t i on  r a t e  i s  1 x 10 bps. 

7. Total  operating memory f o r  t he  data processing assembly 
s h a l l  be 2 5 6 ~  words (8 memory modules, 32K words/module) . 

8. Baseline ISS storage capab i l i ty  (excluding archival  s torage)  
6 i s  2.5 x 10 words minimum. 

9. Experiment imposed ISS requirements: 

D ig i t a l  - 6 x lo6 bps peak 
3.5 x 1011 bpd maximum 
1 x 105 bps average 

Storage - 1 8 ~  words operating memory 
1 x 106 words mass storage 

10, The s o l a r  storm she l t e r  s h a l l  include the  backup command 
and control  consoles . 

Guidance and control  functions include : 

OLS s t a t e  vector update 
Logist ics vehicle s t a t e  vector update 
Reaction control  subsystem command and control  
Att i tude s t a b i l i z a t i o n  and orb i t  maintenance 
Free-flying experiment navigation and guidance 
Subsystems checkout 
Logist ics support 

1. Ephemeris accuracy - a l t i t u d e  + 330 f t ,  1 sigma - 
in-track .+ 880 f t ,  1 sigma - 
cross-track + 490 f t ,  1 sigma - 
orb i t  ve loc i ty  + 25 fps,  rms - 
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2. OLS s t a t e  vector within 1 spher ica l  nau t ica l  mile of 
desired loca t ion  (3  sigmas). 

3. Experiment operations OLS s t a b i l i t y :  

3-axis a t t i t u d e  hold (continuous) - + 0.25 degree 
3-a.xis a t t i t u d e  hold (30 minutes) - + 0.10 degree 
3-axis a t t i t u d e  r a t e  (continuous) - + 0.05 degree/second 
3-axis a t t i t u d e  r a t e  (30 minutes) - + 0.01 degree/second 
Maximum accelera t ion t rans ien t  0.001 g 
Maximum accelera t ion 0.01 g 

4. Docking range uncertainty:  

1000 f e e t  t o  100 f e e t  + 1 foot ,  1 sigma - 
100 f e e t  t o  contact - + 0.5 foo t ,  1 sigma 

5. Docking contact conditions: 

La te ra l  pos i t ion  deviation - + 0.5 foo t  
La te ra l  ve loc i ty  deviation - + 0.3 fps  
Axial ve loc i ty  deviation - + 0.5 fp s  

Reaction Control Subsystem 

The RCS performs t he  following functions:  

Provides forces  and moments f o r  a t t i t u d e  control  and 
s t a b i l i z a t i o n  

Provides forces f o r  o rb i t  maintenance 
Cryogenic s t  orage 
Subsa t e l l i t e  propel lant  storage 

1. Total  impulse requirements based on zero-g operation f o r  
180 days: 

Representative OLS - 2.214 x lob  lb-sec plus 
82,000 lb-sec f o r  emergency 

Derivative OLS - 2.663 x 10 6 lb-sec plus 
81,000 lb-sec f o r  emergency 

2 .  The nominal OLS lunar  o rb i t  i s  60 n m i  polar  i n  an X-POP Y 
f l i g h t  node. 

3. The operating a , l t i tude  l i m i t  i n  lunar o r b i t  is  45 t o  80 
n m i .  

4. Cryogenic storage requirements a re  (lbm) : 
02 H2 

Representative OLS 
N2 

6823 1645 3551 (180 days 
Derivative OLS 8042 1913 7349 s t  orage ) 
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5. Subsa t e l l i t e  N2H4 storage 180 days i s  7811 lbm. 

The ENPS provides t h e  OLS with: 

Aerothermodynamic protect ion 
Thermal protect ion 
Micrometeoroid protect ion 
Radiation pro tec t ion  

1. Heat r e j ec t i on  requirements on t he  representa t ive  OLS a r e  26.6 
kw f o r  t he  core and 5.8 kw f o r  t h e  power boom during l i g h t  
s ide  operations and 23.4 kw f o r  the  core and 21.5 kw f o r  t he  
power boom during dark s ide  operations. 

2. Derivative OLS module heat loads vary from 0.4 kw on the  
cargo module t o  8.0 kw i n  t he  ga l ley  module. 

3 ,  The micrometeoroid protect ion must assure a p robab i l i ty  of 
no f a i l u r e  of crew or  systems compartments of 0.9 f o r  
10 years. 

4, The ENPS must provide a s o l a r  storm she l t e r  with t h e  required 
shie lding t o  l i m i t  the  crew r ad i t i on  dose t o  the  allowable 
l i m i t  during s o l a r  f l a r e  events. 

7,l. STRUCTURES SUBX YSTEM 

The s t ruc tures  subsystem provides t he  l i v ing  and working quarters f o r  
t he  crew i n  o rb i t  and contains t h e i r  atmosphere. It contains mounting pro- 
v is ions  and serves as a s h e l t e r  f o r  other OLS subsystems, funct ional  program 
elements (FPE'S), and personnel rescued from other spacecraft .  It a l so  pro- 
vides a s h e l t e r  f o r  t he  storage of consumables and support f o r  t he  docking 
ports and mechanisms f o r  crew and equipment t rans fe r .  

7 1 1 Functiona,l Reauirements 

The s t ruc ture  s h a l l  provide t he  following : 

Habitable pressurized volumes f o r  crew habi ta t ion and 
work?+(l) 

She l te r ,  support, and protect ion f o r  other onboard subsystems-x-(2) 

I n t e rna l  s t  orage capab i l i t y  f o r  expendables and experiments* (2) 

She l te r  and mounting provisions f o r  other funct ional  program 
elements*(2) 

*Fop. ra t iona le ,  r e f e r  t o  spec i f ied  item number i n  Section 7.1.5 
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Necessary s a f e t y  provisions and a ids  f o r  crew operations*(l) 

Storage and protect ion of i n t e r n a l  equipment during launch 
and ascent"(2) 

7.1.2 Performance Requirements 

Any differences between representa t ive  and der ivat ive  OLS s t ruc tures  
performance requirements w i l l  be noted. 

Launch and A s  cent 

The s t ruc ture  s h a l l  withstand without excess def lec t ion  or  f a i l u r e  the 
loads imposed by t he  na tura l  and induced environment during unmanned launch 
and ascent. 

1. Natural environment (see Section 2.2 winds) 

2. Induced environment (see Section 2.2) 

I n t e rna l  pressure 
Temperature 
Acoustics 
Vibra.tion 
Acceleration 
Max q alpha loads 
Aerodynamic pressure d i s t r i bu t i on  
Cut off loads 

3.  The primary s t ruc tu r e  s h a l l  be designed t o  t he  following 
fac tors  of sa fe ty  f o r  unmanned launch and ascent 
operations: *(4) 

Ultimate = 1.50 
Yield = 1.20 

Earth Orbi ta l  

1. The s t ruc ture  s h a l l  withstand without excessive def lec t ion  or 
f a i l u r e  the  following conditions: *(5) 

a. Natural environment (see Section 2.2) 

Atmosphere 
Thermal 
Radiation 
Meteoroid 

*For ra t iona le ,  r e f e r  t o  spec i f ied  i tem nwriber i n  Section 7.1.5 
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b. Induced environment (see  Section 2.2) 

In te rna l  atmosphere 
External  atmosphere 
Acceleration 
Docking impact 

2. The primary s t ruc ture  s h a l l  be designed t o  the  following 
fac tors  of s a f e t y  f o r  manned operations i n  ea r th  o rb i t :  *(6) 

Ultimate = 2.00 
Yield = 1.50 

Short duration or t r ans i en t  loadings: 

Ultimate = 1.75 
Yield = 1.30 

Trans lunar I n  j ec t  ion and Lunar Orbit Ins e r t i o n  

1. The s t ruc tu r e  s h a l l  be designed t o  t he  following fac tors  
of s a f e t y  f o r  unmanned TLI and LOI: *(4) 

Ultimate = 1.50 
Yield = 1.20 

2. The s t ruc tu r e  s h a l l  withstand without excessive def lect ion 
or f a i l u r e  t h e  following conditions : * (3) 

a. Natural environment 

Thermal 
Radiation 
Meteoroid 

b. Induced environment 

In te rna l  atmosphere 
External  atmosphere 
Boost t h r u s t  and control  forces  

Lunar Orbit 

1. The s t ruc tu r e  s h a l l  withstand without excessive def lect ion or 
f a i l u r e  t he  following conditions : *(5) 

a. Natural environment (see Section 2.2) 

b. Induced environment (see Section 2.2) 

-- 

*For ra t iona le ,  r e f e r  t o  spec i f ied  i tem number i n  Section 7.1.5 
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2. The primary s t ruc ture  s h a l l  be designed t o  t he  following 
fac tors  of s a f e ty  f o r  manned operations i n  lunar o rb i t :  "(6) 

Ultimate = 2.00 
Yield = 1.50 

Short duration or t rans ien t  loadings: 

Ultimate = 1.75 
Yield = 1.30 

S t ruc tura l  - General 

1. The -X axis docking por t  s h a l l  have su f f i c i en t  s t reng th  t o  
withstand t he  38K-pound th rus t  loads f o r  o r b i t a l  maneuvers 
and a t t i t u d e  control  applied by a  tug.*(7) 

2. The s t ruc ture  and docking por ts  s h a l l  have su f f i c i en t  
s t reng th  t o  withstand the  forces induced during docking 
and undocking operations .*(5) 

7.1.3 Operabil i ty 

S t ruc tu r a l  mechanisms s h a l l  have t he  capab i l i ty  of f u l f i l l i n g  a l l  
required functions with no r e s t r i c t i ons  on s t a t i o n  orientat ion.*(8) 

R e l i a b i l i t y  

See Section 2.2. 

Maintainabil i ty 

Equipment and equipment support s h a l l  be s o  arranged that ,  t he  erptire 
ins ide  of the  pressure s h e l l  may be read i ly  exposed f o r  leak detection and 
repair .  (see Section 2.2.)*(9) 

Useful Life  

See Section 2.2. 

Environment 

See Section 2.2. 

Human Performance 

See Section 2.2. 

*For ra t iona le ,  r e f e r  t o  spec i f ied  item nwnber i n  Section 7.1.5 
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S af e t y  

1. The OLS s h a l l  be divided i n t o  two (o r  more) separate ly  
pressur izable  volumes. Each volume w i l l  be capable of 
being sealed off from the  other volume(s) and of holding 
the  m a x i m  atmospheric design pressure without s t r u c t u r a l  
f a i l u r e  while the  other volume i s  evacuated, p a r t i a l l y  
pressurized,  or pressurized a t  t he  maximum design pressure.*(l0) 

2. An opening s h a l l  be provided t h a t  allows f o r  crew t r ans f e r  
between two adjacent volumes i n  a sh i r t s leeve  environment. 
This opening s h a l l  a l so  be capable of allowing t he  t r ans f e r  
between volumes of cargo 5 f e e t  i n  diameter. The opening 
s h a l l  be capable of providing a pressure-t ight  s e a l  against  
t he  maximum atmospheric design pressure i n  e i t h e r  d i rect ion.*( l l )  

3. An i n t e r n a l  a i r lock  w i l l  be provided t h a t  allows f o r  t h e  
t r ans f e r  of I V A  personnel between adjacent separate ly  
pressurizable volumes when a pressure d i f f e r e n t i a l  ex i s t s  
or  one volume i s  contaminated. The a i r lock  s h a l l  have t he  
capab i l i ty  of accommodating two pressure-suited men with 
backpacks or with umbilicals. One man may be incapa,citated. 
Transfer of the  two men s h a l l  be possible unaided by other 
personnel. The a i r lock  s h a l l  have the  capab i l i ty  of 
pressurized or depressurized operation with e i t h e r  of t he  
two connecting volxx.mes depressurized.*(l0) 

Use of t he  a i r lock  s h a l l  not cause a r a t e  of pressure drop 
of more than 0.5 psi/second i n  t he  connecting volumes f o r  
normal operations. Higher r a t e s  are  acceptable f o r  
emergencies. Three cycles 'of a i r lock  operations s h a l l  not 
cause t he  atmospheric pressure i n  the  pressurized volume 
t o  drop below 62 percent of the  normal operating pressure. 
* (12) 

4, The capab i l i ty  s h a l l  be provided t h a t  allows the  t r ans f e r  
of EVA personnel from one of t he  pressurizable volumes t o  
and from space. This a i r lock  s h a l l  be capable of accommo- 
dating two pressure-suited men with backpacks or with 
umbilicals. One EVA man may be incapacitated.  Transfer of 
the  two men s h a l l  be possible unaided by the  other personnel. 
The a i r lock  s h a l l  be capable of pressurized or depressurized 
operation with the  connecting volume(s) e i t he r  pressurized 
or depressurized. Use of the  a i r lock  s h a l l  not cause a 
r a t e  of pressure drop of more than 0.5 ,psi/second i n  the  
connecting volumes f o r  normal operations. Higher r a t e s  
are  acceptable f o r  emergencies. Three cycles of a i r lock  
operations s h a l l  not cause t he  atmospheric pressure i n  any 
pressurized volume t o  drop below 62 percent of t he  normal 
operating .*(l2) 

*For ra t iona le ,  r e f e r  t o  specif ied item number i n  Section 7.1.5 
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5. Two openings s h a l l  be provided between adjacent decks of 
the  OLS. One opening s h a l l  be capable of accommodating 
personnel and cargo of 5 f e e t  i n  diameter (not simultaneously), 
The other opening w i l l  be used as an aux i l i a ry  ( sh i r t s leeve)  
e x i t  f o r  personnel. Each of the  two openings s h a l l  be 
provided with an a i r - t i gh t  cover t o  prevent t he  t r ans f e r  of 
contaminants and smoke i n  an emergency. The i n t e r n a l  a i r loek  
may be used as an aux i l i a ry  e x i t  on t he  appropriate decks.+(l3) 

6. Staterooms, laborator ies ,  t o i l e t s ,  and other areas with 
r e s t r i c t e d  access s h a l l  provided two separate entry-egress 
paths f o r  personnel. The two separate paths s h a l l ,  where 
possible,  lead t o  d i f fe ren t  areas on t he  deck. Where it 
i s  not p r a c t i c a l  t o  provide doors or normal access routes,  
the  second entry-egress paths may be provic'.ed by knockout 
panels f o r  emergency use. These panels should have t he  
capab i l i ty  of being opened from e i t h e r  s i de  .*(ll) 

7. A t  l e a s t  two egress paths s h a l l  be avai lable  from each 
pressurizable volume f o r  emergency egress of personnel 
during manned ground operations. One external  emergency 
e x i t  s h a l l  be avai lable  on each pressure volume. The 
external  emergency ex i t s  w i l l  open outwards and w i l l  be 
compatible with t he  escape provisions i n  ground operations ,+(l3) 

8. Dual access routes s h a l l  be provided so  t h a t  no s ing le  
f a i l u r e  can deny crew access t o  docking p o r t ( s )  .*(l3) 

7.1.4 Major Interfaces  

Structure  Experiment Support 

1. Interna,l  f l o o r  area: 

Experiment control  center 45 square f e e t  
Photo laboratory 70 square f e e t  
Data analysis  laboratory 70 square f e e t  
Geochemistry laboratory 100 square f e e t  

2. The s t ruc ture  s h a l l  make provisions f o r  an a i r l ock  laboratory 
located i n  an experiment module f o r  i n t eg ra l  experiment use 
as follows: 

a. The a i r lock  s h a l l  be s ized  t o  accommodate a l l  remote 
sensors (11,000 through 15,000 s e r i e s  equipment items) 
and subsa t e l l i t e  servicing (60,000 s e r i e s  equipment 
items) i n  accordance with the  Experiments Operating 
Plan. Airlock minimum dimensions s h a l l  be 5-f oot 
diameter and 10 f e e t  long.  atio ion ale (7, 12) i n  
Section 4.0) 

*For ra t iona le ,  r e f e r  t o  specif ied item number i n  Section 7.1.5 
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b. The a i r lock  s h a l l  be capable of being pressurized 
and depressurized three  times per  year. 

c. The experiment module s h a l l  provide 110 square f e e t  
mounting area normal t o  l oca l  ve r t i c a l .  

d. The a i r lock  s h a l l  permit sh i r t s leeve  crew access t o  
f i l m  and tape casset tes  of experimental equipment 
mounted within the  a i r lock  while a l l  sensors a re  i n  
a deployed mode. 

e. The a i r lock  s h a l l  contain the  following u t i l i t i e s :  

E l e c t r i c a l  power 
Thermal control  (of instruments v i a  ECLSS) 
ISS data and communication hardlines 
02 and T\J2 (instruments) 
Cryogenics 
S t  orable propellant  
Subsa t e l l i t e  docking provisions (as  required 

t o  s a t i s f y  Experiments Operating plan) 

Docking provisions s h a l l  include a docking po r t  
with a minimum c lear  ?-foot diameter opening t h a t  
w i l l  permit crew egressl ingress f o r  EVA a c t i v i t i e s .  
( ~ e f e r  t o  Rationale ( 5 )  i n  Section 4.0) 

g. The following u t i l i t y  hookups s h a l l  be provided a t  
t he  subsa t e l l i t e  docking interface:  

E l e c t r i c a l  power 
Thermal control  
ISS data  hardlines 
02 and N2 ( f o r  instruments) 
Propellant  t r ans f e r  

3. The s t ruc ture  s h a l l  withstand t he  docking forces of the  
free-flying subsa t e l l i t e s .  

4. Provisions s h a l l  be made f o r  deployed experiment sensors 
t o  have an unobstructed view from nadir  t o  5 degrees 
above the  lunar horizon. 

5. The s t ruc ture  s h a l l  provide a locat ion close t o  OLS 
reference f o r  onboard experiments t h a t  require base- 
motion i so l a t i on  f o r  g rea te r  accuracy or tracking 
capabil i ty.  Where possible,  experiments with s imilar  
pointing, tracking,  and view angle requirements w i l l  
be mounted on t he  same gimbal s t ruc ture .  
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6. The s t ruc ture  s h a l l  provide su i t ab l e  mounting accommodations 
f o r  experiments so  t h a t  i n s t a l l a t i on ,  maintenance and 
replacement may be accomplished without EVA. 

Crew Habi tab i l i ty  

1. General. 

The OLS i n t e r i o r  s h a l l  be designed i n  accordance with good 
a r ch i t ec tu r a l  and decorator p rac t ices  i n  order t o  provide 
comfortable, e f f i c i e n t  and a t t r a c t i v e  l i v i n g  and working 
spaces. The i n t e r i o r  arrangement s h a l l  insure  crew comfort, 
ef f ic iency,  and physiological  and psychological well-being. 
The arrangement of a l l  equipment wi thin  a given area  s h a l l  
be i n  an upright (ear th- l ike)  or ienta t ion.  

The space s t a t i o n  i n t e r i o r  s h a l l  be pa r t i t i oned  i n t o  bas ic  
funct ional  areas including the  following : 

Individual  crew staterooms 
Food preparation,  preservation and serving areas 
Wardroom and recreat ion areas 
Personal hygiene and laundry f a c i l i t i e s  
Solar  storm she l t e r  
Medical treatment area  
Control s t a t i ons  
Laboratories, experiments areas 
Storage areas 
Subsystems areas 
Aisles,  pas s  ageways, tunnels 
Docking por ts  and a i r locks  

Mounting provisions s h a l l  be provided throughout t he  
s t a t i o n  f o r  mobil i ty a ids  and r e s t r a i n t s ,  including 
handholds , guidera i l s ,  footholds , and/or t e t h e r s  required 
f o r  crew locomotion and/or bracing/s tabi l iza t ion.  Design 
fea tures  which should be considered include: 

Spacing of mobil i ty a ids  s h a l l  be such t h a t  e i t h e r  
these devices, vehicle s t ruc ture ,  or  equipment/ 
accommodations s h a l l  always be within reach of a 
crewman. 

Mobility a ids  s h a l l  be mounted on equipment or  
accommodations where appropriate as wel l  as on 
vehicle s t ruc ture .  

Design of vehicle s t ruc tu r e  equipment and accommodations 
s h a l l  consider fea tures  which inherent ly  provide a 
mobil i ty a id  capabi l i ty .  
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Handholds s h a l l  be e i t h e r  the  r i g id ,  f l ex ib l e  or 
recessed type, as  appropriate t o  a spec i f i c  
location.  

Guiderails s h a l l  be located between 36 inches and 
40 inches above t h e  f l o o r  and s h a l l  be provided on 

.- 
both s ides  of a i s l e s  and passageways. 

Handholds s h a l l  be appropriately located with 
respect  t o  crew mobil i ty requirements. 

A continuous gu idera i l  s h a l l  be provided f o r  crew 
interdeck t r a n s i t .  The cargo t ranspor t  device may 
provide t he  capab i l i ty  f o r  t h i s  purpose. 

Where ladders a re  provided f o r  interdeck t r a n s i t ,  
t h e  clearance behind ladders t o  a surface or bulk- 
head s h a l l  be no l e s s  than 6 inches, and the  
climbing space i n  f ron t  of ladders s h a l l  be a m i n i m  
of 32 inches wide by 32 inches deep. 

The wall-to-wall area  requirements a re  included i n  
Table 7-1. 

A l l  equipment i n s t a l l e d  within t he  OLS s h a l l  be such t h a t  
access t o  t h e  pressure h u l l  can be r ead i l y  achieved f o r  
inspect ion and/or repair .  The access provisions s h a l l  
be such t h a t  a suited/pressurized crewman can gain  access 
t o  the  pressure h u l l  (equivalent of a minimum 32 inches 
by 78 inches accessway). The access requirements are  l i s t e d  
i n  Table 7-2. 

Provisions s h a l l  be made f o r  i l luminat ion as shown i n  
Table 7-3. 

2. Crew Accommodations. 

There s h a l l  be e igh t  individual  crew staterooms designed 
f o r  s ing le  occupancy during routine operations and dual 
occupancy during periods of crew overlap or emergencies. 
Occupancy during rout ine  operations s h a l l  be considered t o  
be 1-80 days. Dual occupancy during overlap f o r  periods 
up t o  16 days, and occupancy during emergencies f o r  periods 
up t o  30 days. 

The staterooms s h a l l  be divided equally between two separate 
pressure volumes with t he  commander's and t ug  commander's 
staterooms i n  d i f f e r en t  volumes. 
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Table 7-1; Wall-to-wall Requirements 

PRIMARY GALLEY 

BACKUP GALrnY 

RECREATION 

PERSONAL HYGIENE 
AND STORAGE 

PRIMARY CONTROL CENTER - 
B A C r n  COrJTROL CENTER 

I 

i DATA ANALYSIS LAB 
i 
! GEOCIIEMISTRY LAY 

* Including 1 console (48 x 31 x 50 in.) 

** Including 2 consoles (48 x 31 x 50 in. each) 

*** Additional OLS space required for accommodation 
of 7 experiment mass-memory modules (12 x 18 x 14 in. each) 
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Table 7-2. Access Requirements ( ~ a t c h w a ~ s / ~ o o r s )  

Functional Area 

General crew staterooms 

Commanders stateroom 

Tug commanders stateroom 

Primary galley 

Backup galley 

Dining area 

Recreation area 

Personal hygiene area 

Crew exercise area 

Medical treatment area 

Crew work station 

Height (Inches) I Width (Inches) I 

3. Galley Requirements. 

a. Provisions s h a l l  be made f o r  a ga l l ey  which i s  
capable of providing t h e  nu t r i t i ona l  needs of the  
8-man crew. 

Minimum 

7 8 

b .  The ga l l ey  s h a l l  be capable of being occupied by up 
t o  two crewmen simultaneously during periods of food 
preparation. The ga l l ey  s h a l l  be capable of serving 
a minimum of four  crewmen s imultaneously. 

Preferred 

82 

Minimum 

28 

c. A backup ga l ley  s h a l l  be provided which i s  capable 
of s a t i s fy ing  t he  nu t r i t i ona l  needs of t he  8-man crew 
f o r  a period of a t  l e a s t  30 days. 

Preferred 

30 - 32 

d. The backup ga l l ey  s h a l l  be i n  t he  opposite pressure 
volume from t h e  primary galley.  
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Table 7-3. OLS L igh t ing  Requirements ( ~ o o t - c a n d l e s  ) 

Area 

Crew staterooms (6) 

Primary g a l l e y  

Backup g a l l e y  

Primary d in ing  

Recreat ion 

Personal  hygiene 
Lavator ies  
T o i l e t s  
Showers 

Exerc ise  

Medical 

Work s t a t i o n s  
~ a i n t e n a n c e l r e p  a i r  
Experiment 

Control  cen te r s  

Ai r locks  

A i s l e s ,  passageways 
Tunnels-direct  d i f fused  

Overhead 
(1) 

50 

10 

v a r i a b l e  t o  
30 (3) 

v a r i a b l e  t o  
30 (3) 

S e l e c t a b l e  
50 and 150 

30-50 
30-50 

v a r i a b l e  
5-50 

3 0 

Supplementary 
Local  (2)  

Desk 50 
Bunk 50 

Work counter  50-70 

Work counter  30 

Eat ing s u r f a c e  
30-50 

30-50 

- 

Work counter  50-70 

Work counters  50-7( 
Work counters  50-7( 

Emergency 
(1) 

5 

5 

5 

5 

5 

5 
5 
5 
5 

5 

100 
d i f fused  
500 (4) 

10 
10 

10 

5 

Low 
Level 
(4) 

(1) Foot-candles a r e  measured 30 inches above deck. 
( 2 )  Unless s p e c i f i e d ,  i n t e n s i t i e s  a r e  measured a t  t he  s u r f a c e  of use.  
(3) Var iab le  l i g h t i n g  t o  30 foot-candles  may be  designed wi th  0.5 f o o t -  

candle low l i m i t  t o  provide  n i g h t  l i g h t .  
(4) Auxi l ia ry  d i f fused  i l l u m i n a t i o n  of 500 foot-candles  w i l l  be  provided, 

au tomat ica l ly  ac tua t ed  i n  event  of power f a i l u r e .  
(5) Diffused 500- t o  1000-foot-candle lamp s h a l l  be loca t ed  above the  

examination c h a i r  and b e  d i r e c t i o n a l l y  a d j u s t a b l e  i n  medical and 
d e n t a l  a r ea .  

(6) Low-level l i g h t i n g  s h a l l  always be  on except  when emergency l i g h t i n g  
i s  i n  use. 
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e. The backup ga l ley  s h a l l  be capable of preparing 
and serving only dr ied (rehydratable) ,  thermo- 
s t ab i l i z ed  (canned), or  other types of packaged 
food not requiring speci a1  preparation equipment 
o r  r e f r i ge r a t i on  or other preservation techniques. 

4. Dining Area Requirements. 

a. One dining area  s h a l l  be provided which i s  capable 
of accommodating up t o  four  crewmen simultaneously 
during periods of routine operations. 

b. OLS crewmen s h a l l  u t i l i z e  staterooms, a i s l e s ,  or 
other avai lable  space as backup f o r  the  dining area. 

5. Recreation Area Requirements. 

a. A recreat ion area  s h a l l  be provided which s h a l l  be 
u t i l i z e d  by t he  crew f o r  re laxat ion and entertainment 
during off-duty hours. 

b. The recreat ion area s h a l l  be located adjacent t o  the  
primary dining area. 

c. The recreat ion area s h a l l  be capable of accommodating 
up t o  four  crewmen simultaneously during periods of 
routine operations. The area s h a l l  be used i n  con- 
junction with the  dining area t o  provide accommodations 
f o r  up t o  8 men f o r  purposes other than recreat ion such 
as meetings. 

6. Personal Hygiene Requirements. 

a. The personal hygiene f a c i l i t i e s  s h a l l  be divided 
equally between t he  two pressure volumes and s h a l l  
be located on the  same decks as the  individual  crew 
 atero rooms. 

b. Equipment s h a l l  be arranged t o  maximize personal 
privacy and t o  minimize interference between crewmen 
using adjacent equipment. ~creens /doors  s h a l l  be 
provided i n  f ron t  of the  t o i l e t s  and shower dressing 
areas f o r  personal privacy. 

7. Crew Exercise Area Requirement. A crew exercise area s h a l l  
'be provided f o r  crew conditioning and.physica1 f i t n e s s  and 
be located adjacent t o  or  as a par t  of t he  medical area. 
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8. Medical Treatment Area Requirements. 

a. One medical treatment area  f o r  rout ine  crew monitoring 
s h a l l  be provided. The medical treatment area  s h a l l  
a l so  be capable of supporting t he  diagnosis and t r e a t -  
ment of crew in ju r i e s  and i l l ne s se s .  

b. To provide t he  medical support required f o r  the  OLS, 
t he  medical area  m s t  have one each of t he  following 
f a c i l i t y  capab i l i t i e s  : 

Examination t ab l e  
S t e r i l i z e r  
~ e f r i ~ e r a t  o r l f reezer  
F i e ld  type x-ray 
Sink, lavatory 
Work surface 
Se t  of medical diagnostic equipment 

Intervolume Airlock Requirements. 

a. An intervolume a i r lock  capable of accommodating two 
crewmen s imultaneously s h a l l  be provided between 
pressure volumes. 

b. The a i r lock  s h a l l  have a minimum height of 84 inches 
and a minimum diameter of 60 inches f o r  a cy l indr ica l  
a i r lock,  or  equivalent. 

c. Outward opening hatches and associated actuat ing 
mechanisms f o r  access t o  and egress from each 
pressure volume s h a l l  be provided. 

10. Requirements f o r  Aisles,  Passageways, and Tunnels. 

a. Aisles,  passageways, or tunnels s h a l l  be provided 
wherever crew, cargo, or equipment t r ans f e r  i s  
required. 

b. Aisles and passageways f o r  crew t r ans f e r  only s h a l l  
have a minimum width of 32 inches with 36 inches t o  
42 inches preferred.  The height s h a l l  be a minimum 
of 82 inches with 86 inches preferred.  A height of 
84 inches s h a l l  be considered as nominal. 

c. Tunnels f o r  crew t r ans f e r  only, which a re  l e s s  than 
seven f e e t  i n  length, s h a l l  have a minimum diameter 
of 42 inches; tunnels which are  g rea te r  than seven 
f e e t  s h a l l  have a minimum diameter of 48 inches. 
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11. Acoustic Noise Limitations. 

a. Acoustic noise l eve l s  s h a l l  be maintained such t h a t  
no adverse psychophysiological e f f ec t s  w i l l  be produced. 

b.  Noise l eve l s  s h a l l  not cause discomfort t o  crewmen 
nor i n t e r f e r e  with communication between crewmen a t  
normal voice l eve l s  up t o  distances of 18 f ee t .  

c. Continuous noise l eve l s  s h a l l  not exceed 50 decibels 
i n  t he  speech interference l e v e l  ( s I L )  range (600 t o  
4800 ~ e r t z ) ,  70 decibels a t  frequencies below SIL, nor 
60 decibels a t  frequencies above SIL. 

d. The maximum acoustic noise l eve l s  during unmanned 
operations f o r  various frequencies, i n  r e l a t i o n  t o  OLS 
function areas ,  s h a l l  be i n  accordance with t he  values 
spec i f ied  i n  Figure 5-4 of Section 5.0. 

12. Vibration Limitations. 

a. Vibration emitting equipment s h a l l  not be located i n  
crew l i v ing  areas,  and where required i n  crew work 
areas,  s h a l l  be shock-mounted, insula ted,  or other- 
wise dampened so  as not adversely a f f ec t  crew performance. 

b. Where necessary, sea t ing  and r e s t r a i n t  devices s h a l l  
incorporate provisions t o  absorb percep t i l e  v ibrat ions .  

Docking Provisions 

1, The s t ruc ture  s h a l l  provide f o r  t h e  minimum number of 
docking por ts  a t  the  locations spec i f ied  i n  Table 6-1 
of Section 6.0. 

2. The s t ruc ture  s h a l l  provide addi t ional  supports as 
required t o  strengthen t he  hard-docked posit ion.  

3. The end docking por t  on t he  -X axis s h a l l  be s u f f i c i e n t l y  
strong t o  withstand an ax i a l  t h r u s t  load of 3 8 ~  pounds f o r  
use i n  o r b i t a l  maneuvers and a t t i t u d e  control .  (see 
Rationale #9 of Section 6.0.) 

4, The attachement of the  docking por t  t o  the  s t ruc tu r e  
s h a l l  withstand t he  docking forces and i n t e rna l  
pressure. 

5, The docking por t /s t ructure  in te r face  s h a l l  be designed 
t o  f i t  the  common NASA Space Program docking assembly. 
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Reaction Control Subsystem 

The l i qu id  oxygen, hydrogen, nitrogen, and hydrazine tanks s h a l l  be 
located i n  unpressurized areas within the  environmental sh i e ld  of the  OLS 
i n  redundant locations f o r  r e l i a b i l i t y .  

E l e c t r i c a l  Power Subsystem 

1. Lighting Protection. St ructures  s h a l l  provide e l e c t r i c a l  
bonding between vehicles and appropriate ground connections 
t o  p ro tec t  t he  OLS while mated t o  t h e  launch vehicle on the  
pad a t  KSC against  s t a t i c  e l e c t r i c i t y  buildup and l i gh t i ng  
surges. (see Rationale #4 of Section 7.3) 

2. Harness Ducts. Redundant primary power and e l e c t r i c a l  
harness ducts s h a l l  be provided f o r  d i s t r i bu t i on  of 
power throughout t he  OLS, including t h e  pressure bulk- 
head f eedthrough p la tes .  (see Rationale #4, #20, and #21 
of Section 7.3) 

3. Heat Dissipation.  E l e c t r i c a l  cable runs s h a l l  take f u l l  
advantage of the  OLS s t ruc ture  f o r  heat d iss ipat ion.  
Cable troughs should be designed t o  a f ford  &im heat 
t rans fe r .  (see Rationale #23 of Section 7.3) 

7.1.5 Rationale 

1. It i s  necessary f o r  crew s a f e t y  considerations. 

2. It i s  required t o  maintain acceptable environment t o  
ensure operab i l i ty  and r e l i a b i l i t y .  

3. It i s  necessary t o  maintain complete s t r u c t u r a l  i n t e g r i t y  
during launch and ascent and TLI, LO1 mission phases t o  
ensure crew s a f e t y  and OLS operab i l i ty  during subsequent 
manned mission phases. The environmental parameters 
l i s t e d  have been determined t o  have a po t en t i a l  s i gn i f i c an t  
influence on s t r u c t u r a l  in tegr i ty .  

4. Conservative design fac tors  of s a f e t y  have been se lec ted  
f o r  the  launch-ascent phase t o  accomplish t he  following 
objectives : 

a. Provide high confidence i n  general  s t r u c t u r a l  
i n t e g r i t y  during t h i s  mission phase. 

b. Minimize t he  p o s s i b i l i t y  of permanent s t r u c t u r a l  
deformations t h a t  could have adverse influence on 
t he  operation of mechanisms or alignment accuracy 
of experiments, antennas, guidance and control  
e quipment , e t c . 
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c. Provide t he  po t en t i a l  f o r  reducing cost  and complexity 
of environmental simulation during s t r u c t u r a l  
ve r i f i c a t i on  t e s t  programs. 

d. Provide t h e  po t en t i a l  t o  conduct adequate s t r u c t u r a l  
ve r i f i c a t i on  t e s t s  t o  a l e v e l  below design ult imate 
loads. This would minimize t he  p o s s i b i l i t y  of damage 
or  des t ruct ion of t he  s t r u c t u r a l  t e s t  a r t i c l e  s o  t h a t  
it could be programmed f o r  addi t ional  ground t e s t  
u t i l i z a t i o n .  

5. It i s  necessary t o  maintain complete s t r u c t u r a l  i n t e g r i t y  
t o  insure  crew s a f e t y  and OLS operabi l i ty .  The environments 
l i s t e d  have been determined t o  have po t en t i a l  e f f e c t  on 
s t r u c t u r a l  i n t eg r i t y .  

6. Conservative design f ac to r s  of s a f e t y  have been se lec ted  
f o r  manned mission phase t o  accomplish t he  following 
objectives : 

a. Provide high confidence i n  general  s t r u c t u r a l  i n t e g r i t y  
and r e su l t i ng  crew safety .  

b. Minimize t he  p o s s i b i l i t y  of undesirable creep 
deformations under long-term sustained s t r e s s  
conditions . 

c.  Additional considerations as described i n  items 4c 
and 4d. 

7. An ac t ive  docking system i s  emgloyed t o  permit t he  at tach- 
ment of passive elements, such as cargo modules, e tc .  
S t ruc tu r a l  s t reng th  f o r  indicated t h r u s t  load i s  required 
t o  permit o r b i t a l  maneuvers by using a tug  as a propulsive 
vehicle.  

8, Complete freedom of s t a t i o n  or ien ta t ion  i s  required t o  
ensure adequate operational  capab i l i ty  considering various 
s c i e n t i f i c  and experiment requirements. 

9. Provision f o r  inspection and repa i r  of t he  pressure s h e l l  
i s  necessary t o  ensure crew sa f e ty  and t o  achieve lo-year 
operational  l i f e .  

10, Necessary t o  insure crew s a f e t y  and t o  permit s t r u c t u r a l  
r epa i r  i f  required t o  achieve 10-year operational  l i f e .  

11, It i s  necessary t o  ensure crew s a f e t y  and hab i t ab i l i t y  and 
t o  f a c i l i t a t e  cargo t r ans f e r  from one pressure volume t o  
another. 
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12. The maximum r a t e  of pressure drop i s  based on crew comfort 
considerations. The requirement f o r  minimum pressure of 
62 percent normal operating pressure provides a p a r t i a l  
pressure of oxygen of 1.9 p s i ,  which i s  t he  minimum pressure 
adequate t o  support body physiological  functions.  

13. Dual openings between decks, e x i t s  from any compartment, 
and access routes t o  docking por t s  a re  provided t o  ensure 
crew s a f e t y  during emergency conditions r e su l t i ng  from 
any credible  accident. Suf f ic ien t  separat ion between 
these  provisions is required so  t h a t  no s ing le  accident 
can incapaci ta te  both routes.  

7.2 ENVIRONMENTAL CONTROL AND LIFE SUPPORT SUBSYSTEM 

The environmental control  l i f e  support subsystem (ECLSS) provides 
e s sen t i a l  atmospheric gases, temperature, pressure,  humidity control ,  food 
storage and preparation provisions,  water and waste management, and personal  
hygiene f a c i l i t i e s  and materials  f o r  OLS operation with an 8-man crew. I n  
addit ion,  spec i a l  l i f e  support c apab i l i t i e s  a r e  provided f o r  l o g i s t i c  opera- 
t i ons  overlap and emergency conditions. 

7.2.1 Functional Requirements 

The environmental control  l i f e  support subsystem (ECLSS) s h a l l  provide 
t h e  f l i g h t  crew with a conditioned sh i r t s leeve  environment. The subsystem 
s h a l l  provide necessary heating and cooling gas, f l u i d ,  and food supplies t o  
support human l i f e  and equipment operation. Capabi l i t ies  f o r  s torage and 
t r ans f e r  of consumables and waste materials  w i l l  be provided. The subsystem 
s h a l l  be capable of providing environments f o r  onboard experiments. 

The ECLSS s h a l l  s a t i s f y  t he  funct ional  requirements described below. 

Atmospheric Storage and Supply 

Provide storage and supply of oxygen and nitrogen.  

C02 Management 

Provide carbon dioxide col lect ion,  control ,  and reduction. 

Atmospheric Control 

1. Provide atmospheric pressure,  temperature, and humidity 
control .  

2.  Provide f o r  the  reclamation of waste waters excepting 
f e c a l  water. 
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Waste Management 

1. Provide f o r  col lect ion,  t r ans f e r ,  processing, and storage 
or disposal  of ur ine ,  f e c a l  material ,  and waste materials .  

2.  Provide f o r  d i s in fec t ion  of microbiologically and 
bac te r io log ica l ly  contaminated waste materials .  

Hygi ene 

Provide f a c i l i t i e s  , equipment, and materials  f o r  housekeeping and 
personal  hygiene. 

Food Management 

Provide f o r  food storage,  preparation,  serving, and disposal .  

Specia l  L i fe  Support 

1. Supply and s to r e  emergency l i f e  support breathing oxygen 
and survival  water. 

2. Provide f o r  IVA/EVA servicing.  

3. Provide f i r e  control  and detection.  

Performance Requirements 

The ECLSS s h a l l  meet t he  performance requirements delineated i n  t h e  
following paragraphs. These requirements a re  arranged i n  t he  same order as 
t he  funct ional  requirements contained i n  paragraph 7.2.1. Any differences 
between representa t ive  and der ivat ive  OLS ECLSS performance requirements w i l l  
he indicated. 

Atmospheric Storage and Supply 

The OLS atmopshere storage and supply s h a l l  consis t  of a mixture of 
oxygen and nitrogen. The cabin atmosphere oxygen s h a l l  be maintained a t  a 
p a r t i a l  pressure of 3.1 p s i a  minimum t o  3.5 p s i a  maximum. Nitrogen s h a l l  be 
used as t he  atmospheric diluent.  The t o t a l  atmospheric pressure s h a l l  be 
maintained a t  a nominal 14.7 p s i a  with deviations t o  a minimum of 10.0 p s i a  
allowable. * (1) 

1. 0xYgen/~itrogen Quant i t ies  

The quan t i t i es  of oxygen and nitrogen t o  be provided s h a l l  
be based on t he  following consumption/use/loss requirements ; 

*For ra t iona le ,  r e f e r  t o  spec i f ied  numbered item i n  Section 7.2.5 
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a. Metabolic consumption (02) *(2) 

Crew 1.84 lblman-day nominal 

Crew overlap 

OLS crew emergencies 

LEP systems crew 
rescue (LSB or CLS) 

1.84 lb/extra  crewman/day 
f o r  16 men f o r  16 days 
maximum 

Provisions f o r  8 men t o t a l  
f o r  up t o  30 days i n  e i t h e r  
pressure volume, with one 
docked tug  f o r  addi t ional  
crew support .*(20) 

Provisions f o r  20 men totaJ. 
f o r  up t o  71 days i n  the  OLS 
with two docked tugs f o r  
addi t ional  crew support,   o or ra t iona le ,  r e f e r  t o  
Section 7.0 of Volume 11) 

b. Leakage losses  (02 and I!J2) 

OLS (design)*(3) 24 lb/day t o t a l  f o r  the  
representa t ive  OLS ; 
52 lb /  day t o t  a1  f o r  the 
der ivat ive  OLS 

c. Pressur izat ion uses (02 and N ~ )  

Exper. laboratory a i r lock  200 cubic f e e t  volume, 
3 times per  year 

Docking por ts  116 cubic f e e t  volume, 
2 times per  month 

~ n t e r v o l u m e / ~ ~ ~  a i r lock  175 cubic f e e t  volume, 
zero times per  month (no 
scheduled TVA/EVA a c t i v i t y )  

Experiment module 1200 cubic f e e t ,  3 times 
per  month 

2. Repressurization 

Capabi l i t ies  s h a l l  be provided f o r  an emergency repressur izat ion 
of t h e  OLS pressure volumes (20,000 cubic f e e t )  from gas s t o r e s ,  

*For ra t iona le ,  r e f e r  t o  spec i f ied  numbered item i n  Section 7.2.5 
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C02 Management 

The C02 management assenibly s h a l l  meet t he  following performance 
requirements: 

1. The assembly s h a l l  be designed i n  accordance with carbon 
dioxide ( ~ 0 ~ )  reduction t o  recover oxygen f o r  reuse. 

2 ,  The assembly s h a l l  be capable of processing t h e  following 
mounts of C02 generated by t h e  crew: 2.25 lb/man-day 
nominal, 3.0 lb/man-day maximum. "(4) 

Atmospheric Control 

The OLS atmospheric control  assembly s h a l l  meet the  following performance 
requirements i n  control l ing t h e  OLS atmosphere: 

1, Temperature. Atmosphere temperature s h a l l  be s e l ec t i ve ly  
maintainable on an area  bas i s  as follows: *(5) 

a. 60 F t o  75 F i n  exercise areas 

b. 65 F t o  80 F i n  personal hygiene areas 

c. 65 F t o  75 F i n  a l l  other areas 

A l l  appropriate habitable compartments or enclosed areas 
s h a l l  have independent temperature control  (crew compartments, 
gal ley,  personnel hygiene areas,  exercise areas,  e tc .  )*(6) 

2 Pressure. The s t a t i o n  atmospheric t o t a l  pressure s h a l l  be 
maintained a t  14.7 p s i a  nominal with deviations t o  a minimum 
of 10.0 p s i a  allowable. Oxygen p a r t i a l  pressure s h a l l  be 
maintained between 3.1 p s i a  minirmun t o  3.5 p s i a  maximum.*(7) 

3. Surface Temperature. The crew s h a l l  not be exposed by 
contact t o  any surface temperature which exceeds 105 F 
maximum and 57 F minimum.*(8) 

4. Dew Point. The s t a t i o n  atmosphere dew point  teraperature 
s h a l l  not exceed 57 F maximum.*(8) 

5. A i r  Velocity. The s t a t i o n  atmosphere a i r  ve loc i ty  s h a l l  
be maintained between 15 fpm minimum and 100 fpm maximum 
with a nominal of 40 fpm.*(8) 

6, H20 P a r t i a l  Pressure. The s t a t i o n  atmosphere Hz0 p a r t i a l  
pressure s h a l l  be maintained within 8 mm Hg t o  12 mm ~ g . * ( 8 )  

++For ra t iona le ,  r e f e r  t o  specif ied numbered item i n  Section 7.2.5 
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7. Condensation. No condensation s h a l l  be allowed t o  form 
on i n t e rna l  surf  aces .*(9) 

8. Trace Contaminants. The s t a t i o n  atmosphere t r a c e  con- 
taminants s h a l l  be monitored and control led t o  0.1 of the  
threshold limit value per  consti tuent.*(l0) 

9. The concentration of bac te r ia  i n  t he  atmosphere within the  
pressurized compartments containing crew quar ters ,  process 
laborator ies ,  or experimental f a c i l i t i e s  s h a l l  be monitored 
and controlled. 

Active Thermal Control 

The ac t ive  thermal control  a s s e d l y  s h a l l  have t h e  following 
performance requirements : 

1. Derivative OLS module heat loads are  given i n  Table 774. 

2. The rad ia to r  subassembly s h a l l  be capable of r e j ec t i ng  
heat  loads shown i n  Table 7-?.for t h e  representa t ive  OLS 
configuration. 

3. The thermal control  assembly s h a l l  operate with no 
r e s t r i c t i o n s  t o  module or ienta t ion r e l a t i v e  t o  t h e  
moon and sun. 

4. A temperature control  loop s h a l l  provide 40 t o  100 F 
heat s ink  capab i l i ty  f o r  equipment temperature con t ro l .* ( l l )  

5. Subsa t e l l i t e  thermal control  provisions. 

Water Management 

The water management assembly s h a l l  have t he  following perf  ormanee 
requirements : 

1. Quanti t ies of potable water f o r  food and drinking s h a l l  be 
provided as follows : *(4,12) 

Food - 1.44 lb/man-day ( f reeze  dry) 
Food - 0.96 lblman-day (wet) 
Drink - 4.14 lblman-day 
( ~ e s i d u a l  - 0.22 lblman-day l o s s )  

Total  6.32 lb/man-day 

Latent l o s s  - 3.09 lb/man-day 

*For ra t ionale ,  r e f e r  t o  specif ied numbered item i n  Section 7.2.5 
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Table 7-4. Derivative OLS Module Heat Loads 

Module I Heat Load (kw) 

Cargo module 
Core 1 A  
Core 1 B  
Control center module 1 
Control center module 2 
Galley module 
Crew quarters module 1 
Crew quarters module 2 
Power module 

Ta'ble 7-5. Heat Rejection Requirements 

2,  Quanti t ies of water f o r  housekeeping and personal  hygiene s h a l l  
be provided as follows: - ~ ( 1 2 )  

Washing - 4.0 lb/ma,n-day 
Shower - 17.2 lb/man-shower 
Dishwashing and housekeeping - 3.0 lblman-day 
Laundry - 4.0 lblman-day 

++For ra t iona le ,  r e f e r  t o  specif ied numbered i tem i n  Section 7.2.5 
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3. Cold water s h a l l  be supplied a t  a temperature of 50 - + 5 F 
and hot water a t  155 - + 5 F f o r  the  purpose of food 
reconstitution.*(l3) 

4. Potable water s h a l l  be provided f o r  hygienic flushing of 
ur ina ls ,  3.5 lb/rnan=day.*(l2) 

5. Quant i t ies  of water f o r  experiment use s h a l l  be provided at  
a r a t e  of 35 lb/day maximum. 

6. The water system s h a l l  be designed f o r  closed-loop 
operation f o r  reclamation, storage, and reuse, excluding 
f eca l  water.*(l4) 

Waste Management 

The waste management asseMbly s h a l l  meet the  following performance 
requirements : 

1. Urine waste s h a l l  be collected and processed and the  water 
reclaimed fo r  reuse. Solids s h a l l  be col lected and 
processed. Quant i t ies  of urine wastes t o  be processed 
s h a l l  be as follows: *(4) 

Urine water - 3.45 lblman-day nominal - 4.48 lb/man-day maxi- 

Urine sol ids  - 0.13 lb/man-day 

2. Fecal wastes s h a l l  be col lected and processed. Fecal water 
s h a l l  not be reclaimed. Quant i t ies  of f e c a l  wastes t o  be 
processed s h a l l  'be as follows : *(4) 

Fecal water - 0.25 lb/man-day nominal - 0.33 lb/man-day maximum 

Fecal sol ids  - 0.13 lb/man-day 

3. One t o i l e t  f a c i l i t y  consist ing of separate f e c a l  and 
urine col lect ion devices i n  each pressure volume. 
In  addition, two wall-mounted u r ina l s  s h a l l  be 
provided f o r  added crew convenience. One u r i n a l  s h a l l  
be located i n  each pressurized volume. 

4. Quanti t ies  of food wastes t o  be col lected and processed 
s h a l l  be as follows: *(12) 

Food wet wastes - 0.40 lb/man-day 
Food packaging - 0.60 lblman-day 

*For ra t iona le ,  r e f e r  t o  specif ied numbered item i n  Section 7.2.5 
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5. Miscellaneous wastes such as paper, clothing,  f i l m  
containers,  e tc . ,  s h a l l  be col lected,  processed, and 
s to red  f o r  l o g i s t i c s  return.  Provisions f o r  processing 
29.5 lb/day maximum with a compacted volume of 0.4 cubic 
f e e t  and uncompacted volume of 2.0 cubic f e e t  s h a l l  be 
provided.*(l2) 

6. Waste so l ids  s h a l l  not be dumped t o  space.*(15) 

7. Microbiologically and bac te r io log ica l ly  contaminated 
waste materials  s h a l l  be d i s in fec ted  as close as possible 
t o  t h e i r  source p r i o r  t o  storage,  processing, or  
disposal .  * (16) 

Hygiene 

The hygiene assembly s h a l l  meet t he  following performance require-  
ments :: 

1. Housekeeping provisions storage space of approximately 
35 cubic f e e t  s h a l l  be provided. 

2. Each of two shower f a c i l i t i e s ,  one within each pressurized 
volume, *(17), s h a l l  provide capab i l i ty  f o r  sequent ia l  
showering of two t o  th ree  crewmen i n  any 12-hour period. 
However, t he  shower frequency w i l l  be two showers/man-week.*(12) 

3. Six  s inks  f o r  washing s h a l l  be provided. 

Food Management 

The food management assembly s h a l l  meet t he  following performance 
requirements : 

1. A ga l l ey  s h a l l  be provided with f a c i l i t i e s  f o r  preparing 
and serving food f o r  a t  l e a s t  four  men a t  a time, nominal. 

2. A backup ga l l ey  s h a l l  be provided with capab i l i t i e s  f o r  
s t o r i ng  a t  l e a s t  30 days supply of dr ied food. The f a c i l i t y  
s h a l l  provide hot and cold water f o r  food reconst i tu t ion,  

3. A f r eeze r  with 70 cubic f e e t  i n t e rna l  capacity and a 
r e f r i ge r a to r  with 10 cubic f e e t  i n t e r n a l  capacity s h a l l  
be provided.*(l2) 

Specia l  L i fe  support*(18) 

The spec i a l  l i f e  support assenibly s h a l l  meet t he  following performance 
requirements : 

*For ra t iona le ,  r e f e r  t o  spec i f ied  nmibered i tem i n  Section 7.2.5 
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1. An 02 high-pressure storage assembly s h a l l  be provided. 
This assenibly s h a l l  have capab i l i t y  f o r  supplying 02 f o r  
in t ravehicular  a c t i v i t i e s .  I n  addit ion,  t h e  assenibly 
s h a l l  provide 02 f o r  recharging por table  l i f e  support 
equipment f o r  extravehicular a c t i v i t i e s .  

2. The ECLSS s h a l l  provide EVA/TVA support with t h e  
following capab i l i t i e s  : 

IXA Support 

02 nominal maximum flow - 8 lblman-hour 
02 emergency flow - 22 lb/man-hour f o r  30 minutes 
02 i n l e t  temperature - 40 t o  64 F 
Heat load - 2000 ~tu/man-hour f o r  3 hours 
S u i t  pressure - source regulate  t o  110 p s ig  
LCG water flow - 240 lb/hour a t  43 F 
Design capacity - 4-hour operation 

PLSS Charging 

02 per  recharge - 1.6 l b  
H20 per  recharge - 10.8 l b  
Recharge pressure - 1410 + 30 p s i  - 
Temperature - 70 t o  90 F 
Design frequency - No use an t ic ipa ted  

3. An emergency reserve of high pressure oxygen f o r  8 men 
f o r  30 days plus leakage s h a l l  be maintained i n  each 
pressurized volume. The water reserve s h a l l  be maintained 
from the  normal 180-day storage capacity. 

4. Emergency f i r e  control  and detect ion provisions s h a l l  be 
provided. These provisions s h a l l ,  as a minimum, contain 
an oxygen face  mask and O2 b o t t l e  and a C02 extinguisher 
f o r  small f i r e  control. Atmospheric dump provisions s h a l l  
be provided f o r  l a rge  f i r e  control .  A t o t a l  of 16 O2 
masks and 'bot t les ,  8 i n  each pressure volume, w i l l  be 
provided. 

R e l i a b i l i t y  

The environmental control  l i f e  support subsystem r e l i a b i l i t y  require-  
ments are  spec i f ied  i n  the  following paragraphs. 

1. Atmospheric Storage and Supply 

The 02 - N2 storage and supply capab i l i ty  s h a l l  be 
provided f o r  independent supply sources f o r  each 
pressure volume. 
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2. C02 Management 

a. Redundant elements are  required f o r  C02 removal, one 
located i n  each pressure volume. 

b. A s ing le  element f o r  C02 reduction i s  required, with a 
maximum downtime f o r  maintenance of 24 hours. 

3. Active Thermal Control 

a. Provisions a r e  required f o r  accomplishing the  
temperature and humidity control  independently i n  
each pressure volume. 

b. Two coldplate cooling loops f o r  experiments and 
equipment s h a l l  be provided, one f o r  each pressure 
volume. 

c. A minimum of two coolant loops s h a l l  be provided 
f o r  heat re jec t ion .  

4. Water Management 

Provisions s h a l l  be made i n  each pressure volume f o r  
independent, redundant water reclamation, storage,  and 
supply 

The environmental control  l i f e  support subsystem s h a l l  meet t he  
following s a f e t y  requirements. 

1. A 30-day margin of conswnables, as a minimum, s h a l l  be 
maintained onboard wi thin  each pressure volume.*(4) 

2. The capab i l i ty  s h a l l  be provided t o  v e r i f y  the  s a f e  
environment and the  s a f e  operational  s t a t u s  of 
ac t iva ted  subsystems within the  orbi t ing vehicle 
p r i o r  t o  personnel entry ,  i n i t i a l l y ,  and p r io r  t o  
reen t ry  following temporary evacuation of t he  whole 
vehicle. 

3. The capab i l i t y  s h a l l  be provided f o r  providing a habitable 
sh i r t s l e eve  atmospherg humidity control ,  temperature control ,  
f l u i d  and food supplies,  hygiene, and waste management require- 
ments f o r  t he  whole crew f o r  a minimum period of 30 days (1) 
with any one pressur izable  volume deactivated, i so la ted ,  and 
vacated due t o  an accident or  (2)  with any credible combination 
of a subsystem deactivated, as a r e s u l t  of an accident, and a 
por t ion of redundant or backup subsystem inac t ive  f o r  maintenance.*(h) 

*For ra t iona le ,  r e f e r  t o  spec i f ied  numbered item i n  Section 7.2.5 
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7.2.4 Major Interfaces  

Interface  requirements, i n  addit ion t o  those covered i n  Section 2,2, 
a re  included i n  the  following sections.  

Experiments Provisions 

1. Atmosphere 

The OLS ECLSS s h a l l  provide atmospheric gas c i rcu la t ion  
capab i l i t i e s  t o  provide a sh i r t s leeve  environment i n  a l l  
experiment areas t h a t  require human habitat ion.  

a. Pressurization,  Depressurization, and Leakage 

Airlock experiments - Capabil i t ies f o r  pressur iz ing and 
depressurizing t he  a i r lock  from an onboard assem'uly 
s h a l l  be provided. Airlock capab i l i t i e s  s h a l l  be as 
spec i f i ed  below: 

Volume 200 cubic f e e t  

Pressur izat ion time To be determined from operational  
considerations 

Depressurization time 24 hours maximum 

Frequency of use Three times per year 

Gas composition Same as OLS 

b. Temperature control  - The OLS s h a l l  provide temperature 
control  between 65 and 75 F f o r  i n t e g r a l  experiments. 
Capabil i ty s h a l l  be provided i n  the  experiments area 
t o  supply a i r  se lec tab le  between 60 and 75 F. The OLS 
atmosphere s h a l l  accommodate 1000 watts of sensible  hea% 
maximum from t h e  i n t e g r a l  experiments. ( s ized  on t he  
bas i s  of 25 percent t o  t h e  atmosphere of a maximum 
4000 watts. ) 

c. Pressure control  - The OLS s h a l l  provide t o t a l  pressure 
control  and oxygen p a r t i a l  pressure control  f o r  experi- 
ments t o  the  same condition as t he  OLS atmosphere. The 
OLS and experiments atmosphere s h a l l  be control led t o  
14.7 p s i a  (with var ia t ion  t o  10 p s i a  allowable) and 
oxygen p a r t i a l  pressure a t  3.1 psia .  Experiment 
pressure requirements d i f fe ren t  from the  OLS s h a l l  be 
provided by experiments. 
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d. Humidity control  - The OLS s h a l l  provide atmosphere a t  
8 t o  12 mm ~g p a r t i a l  pressure of water f o r  i n t e g r a l  
experiments. Humidity control  t o  a d i f fe ren t  l e v e l  
s h a l l  be provided by  t he  experiment. Excessive experiment- 
caused humidity (g rea te r  than approximately 0.5 lb/hour 
or  nonhuman water t o  t he  atmosphere) shall.  be removed by 
experiment f a c i l i t i e s .  

e. Contamination control  - Toxic, corrosive, or bacterio- 
l o g i c a l  contaminants s h a l l  be removed by the  experiments 
before t he  atmosphere i s  returned t o  t he  OLS system. 
The OLS contaminant control  assembly may be u t i l i z e d  by 
experiments f o r  t h e  control  of contaminants with maximum 
generation r a t e s  as specif ied i n  f i n a l  repor t  GDC-DAB-67- 
003, Vol. V I  ECLSS, Study f o r  BXM Preliminary Definition, 
dated October 1967. 

2. Active Thermal Control 

The OLS s h a l l  provide act ive  temperature control  between 65 
and 75 F f o r  i n t eg ra l  experiments su f f i c i en t  t o  accommodate 
4000 watts maximum diss ipat ion.  

3. Water Management 

a. S t  orage and/or generation capab i l i ty  f o r  supplying 
35 lblday maximum of potable water s h a l l  be provided 
by t he  OLS ECLSS. The water s h a l l  have t he  same 
p o t a b i l i t y  and p u r i t y  requirements as t he  OLS (NASA/ 
I E C  spec i f i ca t ion  PF-SPEC-18, Command ~ o d u l e / ~ u n a r  
Module Potable Water Specification,  25 June ~ 9 6 9 ) ~  

b. Experiment water requirements with a d i f f e r en t  p u r i t y  
requirement s h a l l  be considered an experiment expendable 
item and handled as a l o g i s i t i c s  supply material .  

c. Experiment water which cannot be accommodated by the  OLS 
d i s t i l l a t i o n  reclamation assembly because of unusi~al  
chemicals or  contaminants s h a l l  be considered a waste 
product and t r ea t ed  as a l c g i s t i c s  re tu rn  material.  
Water makeup f o r  such waste watey s h a l l  be t r ea t ed  as 
an experiment l o g i s t i c s  supply item. 

4, Waste Management 

The OLS ECLSS s h a l l  provide capab i l i ty  f o r  processing 
e i t h e r  individual ly  or co l lec t ive ly  a t o t a l  of 30 lb/month 
of waste and tra,sh materials  from experiments. 

5, Hygiene - Not applicable 
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5. ~ o o d  Management 

Preparation of a l l  spec ia l  human, p lant ,  or animal nutr ients  
s h a l l  be provided by t he  experiment. The ECLSS s h a l l  provide 
crew food storage and preparation capab i l i t i e s .  Any spec ia l  
f reezer ,  r e f r i ge r a to r ,  and oven requirements s h a l l  be provided 
by t he  experiments. 

Reaction Control Subsystem 

The RCS s h a l l  supply storage of s u b c r i t i c a l  N2, 02, and H2 s ized  t o  
t he  f ollowing f o r  ECUS: 

Leakage 

I N2 - 3096 lbm I N2 - 6894 lbm 

Repressurization 
( 2 0 ~  f t 3 )  

O2 - 350 lbm 

N2 - 1150 lbm 

Sabat ier  Unit H2 - 324 lbm 

02 - 350 lbm 

N2 - 1150 1 b m  

The above requirements a r e  based on 180 days storage capacity. For a 
de ta i l ed  development of these  requirements see  t he  Reaction Control Subsys tern 
sections of Volume V. 

Environmental Protection ~ u b s y s t e ~ ( 1 9 )  

1. ECLSS s h a l l  maintain a mean i n t e rna l  radiant  temperature of 
70 F nominal, 65 F minimum, and 75 F maximum. 

2. The s t a t i o n  atmosphere dew point  temperature s h a l l  not 
exceed 57 F m a x i m .  No condensation s h a l l  be allowed 
t o  form on i n t e r n a l  surfaces. 

E l e c t r i c a l  Power Subsystem 

The ECLSS s h a l l  in te r face  with e l e c t r i c a l  power as follows: 

1. 120 t o  208 vo l t s  ac 400 HZ 

2. The ECLSS assembly power load i s :  

*For ra t iona le ,  r e f e r  t o  spec i f ied  nwribered i tem i n  Section 7.2.5 

SD 71-207 
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Atmospheric storage 

C02 management 

Atmospheric control  

Active thermal 335 

Water management 837 

Waste management 70 

Hygiene 

Food management 

Special  l i f e  support 

Total  

Emergency 
(watts)  

1283 (temperature/ 
humidity fans,  
moni t or ) 

235 (pumps and 
heat exchangers ) 

25 ( t o i l e t s ,  
u r ina l s  ) 

Note: Above power values are  continuous; emergency 
loads a re  f o r  a 2 t o  30-day emergency.*(20) 

Doeking Provisions 

I, Docking provisions w i l l  require  t h a t  t he  docking por t  
wal l  temperature i s  above t he  dew point  p r i o r  t o  
pressurization.  

2. The ECLSS s h a l l  'be supplied with t h e  following in te r faces  : 

a. Attach points and c l ea r  area f o r  personnel access with 
blower and ducting t o  supply the  crew l i f e  support 
environment . 

b .  Provisions f o r  those docking por ts  which support the  
experiment module as follows : 

(1) Fluid  couplings f o r  water del ivery and re tu rn  

(2)  Coolant loop couplings and heat exchanger 

(3)  Provisions f o r  gaseous 02 supply 

*For ra t ionale ,  r e f e r  t o  specif ied numbered item i n  Section 7.2.5 
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(4)  Provisions f o r  02, N2 pressur izat ion supply 

(5) Provisions f o r  a i r  c i rcu la t ion  

(6) Provisions f o r  pumpdown capab i l i ty  

Crew Habi tab i l i ty  

1. Atmosphere 

The cabin atmosphere s h a l l  consis t  of an oxygen/nitrogen 
mixture a t  a normal operating pressure of 14.7 p s i a  but  
capable of operating a t  se lec ted  pressures between 10 p s i a  
and 14.7 ps ia .  The atmospheric t o t a l  pressure so  provided 
w i l l  maintain t he  p a r t i a l  pressure of oxygen i n  t h e  a lveolar  
spaces of t he  lungs between t he  l im i t s  of 100 mm Hg t o  120 
rnm Hg. The various oxygen/nitrogen mixtures necessary t o  
provide a p a r t i a l  pressure of oxygen of 3.08 p s i  and an 
a lveolar  p a r t i a l  pressure of oxygen of 100 mm Hg f o r  cabin 
atmospheres ranging from 14.7 t o  10.0 p s i a  are  as follows: 

Oxygen 
(percent)  

Nitrogen 
(percent)  

Cabin Pressure 
(psis) 

Carbon dioxide tensions on t he  OLS s h a l l  'be maintained 
below 7.6 mm Hg i n  a l l  habitable areas. The atmosphere 
const i tuents ,  including harmful airborne t r a c e  contaminants, 
s h a l l  be iden t i f i ed ,  monitored, and control led i n  each 
pressurized compartment of t he  OLS. 

In  t he  event of OLS pressure h u l l  damage r e su l t i ng  i n  
pressure decay i n  a pressure volume, t he  duration of 
acceptable crew performance s h a l l  be considered t o  be 
t h a t  period of time u n t i l  a p a r t i a l  pressure of oxygen 
of 1.9 p s i  i s  reached. 
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F a c i l i t i e s  s h a l l  be provided f o r  prebreathing 100 percent 
oxygen, f o r  preconditioning a crewman p r io r  t o  TVA/EVA 
operations. 

The capab i l i t y  s h a l l  be provided t o  maintain t he  temperature 
nominally between 65 F and 75 F i n  habitable regions of the  
OLS. Se lec t ive  (independent) temperature control ,  on an area  
bas i s ,  s h a l l  be provided. 

The temperature of i n t e r i o r  exposed surfaces with which a 
crewman may come i n  contact s h a l l  not be l e s s  than 57 F f o r  
'both meta l l i c  and nonmetallic surfaces nor more than  105 F 
f o r  both meta l l i c  and nonmetallic sur f  aces. 

3* Humidity 

The water vapor p a r t i a l  pressure s h a l l  be maintained 
between 8 t o  12 mm Hg, and no condensation s h a l l  form on 
i n t e r n a l  surf  aces .*(8) 

4, A i r  Velocity 

A i r  v e loc i t y  s h a l l  be maintained between 15 f e e t  per  minute 
and 100 f e e t  per  minute, with 40 f e e t  per minute as t he  
nominal ven t i l a t i on  flowrate. The capab i l i ty  s h a l l  be 
provided t o  adjust  t h e  f lowrate f o r  crew comfort. 

Auxil iary ven t i l a t i on  f o r  loca l ized  cooling and comfort 
s h a l l  be provided, with both ven t i l a t i on  flowrate adjust-  
ment and se lec tab le  d i rec t iona l  flow f o r  c e r t a in  areas. 

5. Odor Control 

Provisions f o r  odor control  s h a l l  be provided within  each 
pressur ized compartment of t he  OLS, 

6. contamination control  

Microbiologically and bac te r io log ica l ly  contaminated waste 
mater ia l  s h a l l  be d i s in fec ted  as close as possible t o  i t s  
source p r i o r  t o  storage,  processing or disposal. 

The concentration of bac t e r i a  wi thin  t he  atmosphere and 
within  each of the  pressurized compartments containing 
crew quarters,  process laborator ies ,  or experimental 
f a c i l i t i e s  s h a l l  be monitored and control led by  appropriate 
means . 

*For ra t iona le ,  r e f e r  t o  spec i f ied  nzunbered i tem i n  Section 7.2.5 
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7 ,  Metabolic C r i t e r i a  

The following spec i f ies  metabolic c r i t e r i a  f o r  l i g h t  
a c t i v i t y  i n  a sh i r t s leeve ,  14.7 p s i a  (20.9 percent 
oxygen, 79.1 percent nitrogen) environment and s h a l l  
be used f o r  design purposes: 

Metabolic load (nominal) - 11,900 Btu/man-day, 
equivalent t o  3000 kcallman-day 

Oxygen consumption (nominal) - 1.84 lb/man-day 

Ca,rbon dioxide production (nominal) - 2.25 lblman-day 

Water balance (nominal) - 7.10 lb/man-day 

Average metabolic r a t e s  f o r  various a c t i v i t i e s  a r e  as 
follows : 

Sleeping 280 Btu/hour 
Eating 450 Btu/hour 
Working ( l i g h t  a c t i v i t y )  600 Btulhour 
Exercise (moderate t o  1600 ~ t u / h o u r  

heavy) 
Recreation ( re laxa t ion)  400 ~ t u / h o u r  
Personal hygiene a c t i v i t i e s  465 Btu/hour 
EVA/ IVA ( s u i t e  d/ 1200 Btu/ hour 

pressurized) 

8. Water 

Suf f ic ien t  potable water s h a l l  be provided f o r  t h e  crew 
t o  maintain water balance. Potable water requirements 
i n  pounds per  man per  day, based on a metabolic load of 
11,900 Btu per man per  day, a r e  included i n  Table 7-6. 

Suf f ic ien t  water s h a l l  be provided f o r  wa,shing and 
cleaning t o  s a t i s f y  the  following requirements: 

C r e w  was hwater - 4.0 pounds/man-day 

Crew shower water (based on two showers/man-week a t  
17.2 pounds of water/shower) - 4.9 pounds/man-day 

Laundry - 4.0 po~nds/man-da,~ 

Hot water (155 degrees F + 5 degrees F)  and cold water (50 
degrees F + 5 degrees  shall be provided i n  s u f f i c i e n t  
quantities-for crew usage i n  both personal  hygiene areas 
and food preparation areas.  
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Table 7-6. Potable Water Requirements 

Human Water Balance 

Water gain 

Water of oxidation (from food) 

Beverages plus water i n  food 

Totals  

Water l o s s  

Insensible  (lungs + l a t e n t )  

Sensible (perspira t ion)  

Urine 

Water i n  feces 

Totals  

The capab i l i t y  s h a l l  be provided f o r  mixing hot and cold 
water i n  a su i t ab l e  r a t i o  s o  as t o  provide water a t  a 
temperature comfortable f o r  crew washing and showering. 

9, Food Preparation, Preservation, and Storage 

The equipment ncessary t o  prepare, preserve, and serve the  
food required t o  s a t i s f y  the  crew nu t r i t i ona l  needs s h a l l  
be provided. 

7.2.5 Rationale 

1, NASA spec i f ied  f o r  Earth Space Sta t ion.  Based upon ear th  
sea l e v e l  PP02. 

2, Metabolic r a t e s  a r e  based upon crew work loads. (see Crew 
Habi tab i l i ty  section.)  The crew exchange of 16 days i s  from 
mission analysis  and sequencing of the  OLS, 

3. The leakage r a t e  i s  based on the  docking por t  requirements of 
t he  representa t ive  and der ivat ive  OLS configurations with the  
experiment a i r lock  and EVA hatch(es)  . Seal  length was used 
t o  r a t i o  ac tua l  Apollo leakage. The leakage was not corrected 
f o r  pressure difference.   h he same method was used on the  
Ear th  Space Sta t ion.  ) See Section 6.0 f o r  docking po r t  require- 
ments and a l s o  Volume V f o r  configuration def in i t ion .  
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4. See Section 5.0, ra t iona le  numbers (8) and (13). 

5. Ranges are  i n  t he  general  comfort area and were NASA 
selected f o r  the  Earth Space Station.  

6. Because personal comfort var ies  among the  crew, individual 
se lec t ive  temperature control  i s  required. Select ive  
temperature control  does complicate the  ECLSS design. 

7. A pressure of 14.7 p s i a  avoids any unknown long-term 
e f f ec t s  of lower pressures and allows earth-based controls 
f o r  lunar experiments. The 10-psia deviation i s  allowed 
so t h a t  equipment f a i l u r e  resu l t ing  i n  slow leakage increase 
or other pressure decreasing f a i l u r e s  w i l l  not define an 
emergency before repa i r  can be accomplished, Also, allowing 
pressure decay w i l l  enable the  oxygen f o r  leakage makeup t o  
be used ne tabo l ica l ly  i n  an emergency. 

8. These various numbers are  based upon human cornfort c r i t e r i a  
ranges. 

9. To prevent e l e c t r i c a l  short ing,  'bacteria growth, e t c . ,  
condensation must be prevented. 

10. Thresholds are  based upon 8-hour workdays f o r  l i t e r a t u r e  
reported contaminants. Thus, following t he  standard policy 
of previous space vehicle s tudies ,  a conservative l im i t  of 
0.1 of the  threshold l i m i t  i s  used. 

11. The lower heat s ink  temperature l i m i t  of 40 F i s  based upon 
use of a water loop which must be kept above 32 F. 

12. These numbers consis t  of experimental and analyt ical ly ,  
generated data developed f o r  t he  Earth Space Sta t ion.  

13. Same as the  requirements f o r  Skylab and Earth Space S ta t ion ,  

14. Reclamation of f e c a l  water i s  not j u s t i f i e d  based upon the  
complex requirements f o r  recovery and t he  amount of water 
contained therein .  

15. Condensable wastes may coat t he  OLS surface and i n t e r f e r e  
with thermal coatings and other systems. So l id  wastes 
w i l l  i n t e r f e r e  with vehicle operations because they  would 
be i n  approximately t h e  same orbi t .  

16. Prevents t ranspor t  of contaminated materials  over long 
distance,  which could cause vehilce contamination. 

17. I n  case of pressure volume loss ,  a shower i s  s t i l l  
available.  
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18, These requirements were developed from the  Earth Space 
S ta t ion  and t h e  funct ional  requirements. 

19, These requirements e s sen t i a l l y  e s t ab l i sh  the  major i n t e r -  
faces  between ECLSS and thermal protect ion and usua l ly  pro- 
vide t h e  major d r iver  t o  t h e  passive thermal /s t ructural  
design (e.g., insula t ion,  thermal conductance control  of 
s t ruc ture ,  coatings, e tc . )  

20, See Section 5.0, ra t iona le  number (15). 

1.3 ELECTRICAL POWER SUESYSTEM 

The primary function of t he  EPS i s  t o  provide continuous e l e c t r i c a l  
service.  To accorqlish t h i s ,  the  EPS s h a l l  generate, regulate,  condition, 
s t o r e ,  control ,  and d i s t r i bu t e  e l e c t r i c a l  power required f o r  t he  f u l l  
duration of t h e  OLS l i f e ,  including power f o r  backup and emergency contingencies. 
Besides power d i s t r ibu t ion ,  t he  EPS s h a l l  provide f o r  t h e  general l i gh t i ng  
( i n t e r i o r  and ex t e r i o r )  and t he  sequent ia l  mechanization ( ordnance devices, 
power switching, e t c . )  needs of t he  OLS. In  addit ion,  the  EPS s h a l l  be 
capable of t rans fe r r ing  power t o  per ipheral  equipment, lunar landing vehicles,  
and docked l o g i s t i c s  vehicles (c i s lunar  tugs, e tc . ) .  Major EPS functions a re  
swmarized below: 

L i g h t i n g  I 
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7.3.1 Functional Requirements 

Major Power Modes 

The EFT3 s h a l l  be funct ional ly  capable of operating under the  rnaj or 
power modes as described below. 

1. Unmanned Launch and Premannirg Power. Power s h a l l  be supplied 
by a source other than t he  primary power source.*(l) 

2. Manned Earth Orbit (EO) Operations. Power s h a l l  be supplied 
by t h e  primary power source during ea r th  o rb i t  manned 
checkout, cargo t r ans f e r ,  and RCS docking operations .*(2) 

3. Unmanned EO and Translunar F l igh t .  Power s h a l l  be supplied 
by  t h e  primary power source during unmanned ear th  o rb i t ,  
t ranslunar  f l i g h t  and lunar o rb i t  ( p r i o r  t o  crew boarding) 
mission phases. 

4. I n i t i a l  Manned Lunar Orbit (LO) Operations. Power s h a l l  be 
supplied by t he  primary power source during manned checkout 
i n  lunar orbit.*(2) 

5. Manned Normal Operations. Power s h a l l  be supplied by the  
primary power source during normal operations i n  ~0 .++(2 )  

6. Manned Backup Power Operations. Power s h a l l  be supplied by 
t he  primary power source with a reduced capability.*(2,3) 

7. Manned Emergency Power Operations. Power s h a l l  be supplied 
by a spec ia l  emergency source, t he  unmanned launch and pre- 
manning power source, or  a port ion of t he  primary power source 
or conibinations thereof.  But whichever source i s  selected., 
t he  emergency source s h a l l  never be compromised (during 
operations) t o  t he  extent  t h a t  it i s  not always i n  a condition 
t o  take over and provide t he  required emergency power.*(b) 

8. Lunar Orbit Quiescent Storage. The EPS s h a l l  have the  
capab i l i ty  of supplying power from the  primary source during 
quiescent storage i n  lunar o rb i t .  

9. Earth Eclipse. An emergency aux i l i a ry  power source s h a l l  
supply power during an ea r th  ecl ipse .  

10. Solar Flares .  During major so l a r  f l a r e  events t he  emergeliey/ 
aux i l i a ry  power source s h a l l  supply power. 

*For ra t iona le ,  r e f e r  t o  specif ied i tem nurriber i n  Section 7.3.5 
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Major Mission Power Phases 

The power source ( s )  f o r  each mode during t h e  major mission phases a r e  
i d e n t i f i e d  i n  Table 7-7. 

Table 7-7. Major Mission Power Phases 

Mission Phases 

Prelaunch 
Ascent t o  o r b i t  
Premanning 
Manned EO operat ions 
TTnmanned EO, TL f l i g h t  
I n i t i a l  manned LO operat ions 
Routine operat ions 
Manned emergency operat ions 
Lunar o r b i t  quiescent  s t  orage 
Ear th  e c l i p s e  
S o l a r  f l a r e s  

~ m e r ~ e n c ~ l  
Primary Backup Auxi l ia ry  

Power Power Power 

Power Dis t r ibu t ion  

The EPS s h a l l  provide f i x t u r e s ,  con t ro l s ,  and wiring f o r  t h e  genera l  
and supplementary i n t e r i o r  i l l umina t ion  requirements of t h e  OLS.*(6) 

Lighting 

1. I n t e r i o r .  The EPS s h a l l  provide f i x t u r e s ,  con t ro l s ,  and 
wir ing  f o r  t h e  genera l  and supplementary i n t e r i o r  
i l l umina t ion  requirements of t h e  OLS .*(6) 

2 Exter ior .  The EPS s h a l l  l a t e r  provide f o r  OLS e x t e r i o r  
i l l umina t ion  requirements. Low-level i l l umina t ion  s h a l l  
be provided around t h e  i n t e r i o r  of t h e  docking mechanism(s). 
These l i g h t s  s h a l l  not  'bl ind t h e  TV camera.*(6) 

EVA. The EPS s h a l l  provide l i g h t i n g  f o r  EVA operat ions.  3- - 
S u f f i c i e n t  EVA l i g h t i n g  s h a l l  be provided t o  i l l umina te  t h e  
f u l l  per iphery  of t h e  OLS (not  n e c e s s a r i l y  e n t i r e l y  a t  one 
t ime).  F ix tu res  s h a l l  be f ixed ,  po r t ab le ,  o r  combinations 
thereof .  However, i f  po r t ab le  f i x t u r e s  a re  se l ec ted ,  t h e  
design s h a l l  be such t h a t  lamps do not i n h i b i t  t h e  movement 
of t h e  crew or  r e s t r i c t  EVA operations .* (6)  

P 

"For r a t i o n a l e ,  r e f e r  t o  s p e c i f i e d  i tem number i n  Sec t ion  7.3.5 
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7.3.2 Performance Requirements 

Any differences between representa t ive  and der ivat ive  OLS EPS perform- 
ance requirements w i l l  be noted. 

F l igh t  Envelope 

The EPS s h a l l  be designed and s ized  f o r  operations wi thin  t h e  f l i g h t  
envelopes described below. 

1. Earth Orbit. The ea r th  o rb i t  s h a l l  be 31.6 degrees inc l ina t ion  
o rb i t  a t  258-n m i  a l t i t u d e  with an atmosphere equivalent t o  t he  
1959 ARDC standard.*(7) 

2. Translunar Fl ight .  Depends upon t h e  operational  charac te r i s t i cs  
and t r a j ec to ry  of the  c is lunar  shutt le.*(7) 

3. Lunar Orbit.  The lunar o rb i t  s h a l l  be 90 degrees inc l ina t ion  
a t  60-n mi a l t i tude .  The f l i g h t  mode s h a l l  be X-POP Y 
orientation.*(7) 

Major Power Modes 

The EFS s h a l l  be capable of supplying power f o r  t he  power modes 
described'below. The major f ac to r  accounting f o r  t he  differences betweel?. 
representa t ive  and der ivat ive  OLS power requirements i s  t he  modular miss ion  
concept. 

1. Unmanned Launch and Premanning. 

On the  representa t ive  OLS, t he  EPS s h a l l  be capable of 
supplying 2 kw of continuous power t o  t he  loads f o r  a 
period of up t o  5 days from launch (up t o  EO crew breading), 

On the  der ivat ive  OLS, the  EPS s h a l l  'be capable of supplying 
LOO w of continuous power t o  core module LA f o r  a period of 
up t o  5 days p r io r  t o  mating with the  power module. When 
the  power module and C1A a re  mated, t he  EPS s h a l l  supply 
2 kw f o r  20 minutes f o r  so l a r  a r ray  deployment and system 
checkout .* (8) 

2, Manned EO Operations. 

The EPS s h a l l  be capable of supplying t he  represenative OLS 
with an average of 13.5 kw t o  t he  loads with a sustained 
load a t  any one time of 15 kw f o r  a period of up t o  2 days 
f o r  preliminary cargo t rans fe r ,  onboard checkout operations 
by the  checkout crew, and rendezvous and docking with t h e  
RCS .*(9) 

*For ra t iona le ,  r e f e r  t o  specif ied item number i n  Section 7.3.5 
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The EPS s h a l l  be capable of supplying 2.5 kw f o r  1 day t o  
t he  der ivat ive  OLS. A l l  t h e  modules which comprise the  
der ivat ive  OLS configuration a r e  not assembled i n  EO a t  
t he  same time. The complete buildup i s  accomplished i n  lunar 
o rb i t  and consequently, only p a r t i a l  subsystem checkout i s  
performed i n  EO. 

3, Unmanned EO and Translunar F l igh t .  

The EFS s h a l l  be capable of supplying an average of 5.5 kw t o  
t he  loads with a sus ta ined load a t  any one time of 8.0 kw f o r  
a period of up t o  7 days during TLF and lunar  o rb i t  premanning 
operations on t he  representa t ive  OLS .*(lo) 

The EPS s h a l l  be capable of supplying the  der ivat ive  OLS with 
2.5 kw f o r  up t o  7 days (including 3 days of checkout). Only 
a p a r t i a l  complement of der ivat ive  OLS modules w i l l  be assembled 
on t he  f i r s t  CLS f l i g h t ,  hence t he  lower power requirements. 

4. I n i t i a l  Manned LO Operations. The EPS s h a l l  be capable of 
supplying an average of 15,000 watts t o  the  loads of t he  
representa t ive  OLS with a sus ta ined load a t  any one time 
of 20,000 watts f o r  a period of up t o  2 days f o r  addi t ional  
cargo t r ans f e r ,  onboard checkout operations, and s t a t i o n  
ac t iva t ion  by i n i t i a l  crew.*(ll) The same power require- 
ment holds f o r  t h e  der ivat ive  OLS but f o r  t h e  16-day lunar 
o r b i t  layover period of t he  CLS. This i s  t he  buildup and 
complete subsystem checkout period of t h e  der ivat ive  OLS. 

5. Manned Lunar Orbit Operations. The EPS s h a l l  be capable of 
supplying an average of 20,000 watts t o  t h e  loads with a 
sus ta ined load a t  any one time of 30,000 watts.*(l2) 
Iden t ica l  requirements f o r  both representa t ive  and der ivat ive  
OLS . 

6. Manned Backu? Operations. The Em, s h a l l  be capable of 
supplying an average of 13,500 watts t o  t he  loads f o r  a 
minimum of 90 days .*(12). Iden t ica l  requirements f o r  both 
representa t ive  and der ivat ive  OLS. 

7. Manned Emergency Operations. . The EPS s h a l l  be capable of 
supplying 4000 watts  of continuous power t o  t h e  loads f o r  
a period of up t o  48 hours a t  any time during EO operations 
and up t o  30 days during LO operations.*(12,13) Iden t ica l  
requirements f o r  both der ivat ive  and representa t ive  OLS. 

8. Lunar Orbit Quiescent Storage. The EPS s h a l l  be capable of 
supplying t he  OLS with 1.9 kw f o r  up t o  one year of quiescent 
storage i n  lunar o rb i t .  

*For ra t iona le ,  r e f e r  t o  spec i f ied  item number i n  Section 7.3.5 
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9. Earth Eclipse. The EPS s h a l l  supply t he  OLS with 15 kw f o r  
approximately 3.5-hour duration of an ea r th  ec l ipse  of t h e  
sun. 

10. Solar  F la re  Events. During so l a r  f l a r e  events, t he  EPS s h a l l  
provide 10 kw of power f o r  t h e  duration of t he  event (up t o  
3 days). 

Subsystem E l e c t r i c a l  Load Requirements 

The EPS s h a l l  generate, condition, and regulate  e l e c t r i c a l  power f o r  
general  d i s t r i bu t i on  throughout the  OLS. Unless otherwise specif ied,  t h e  
qua l i t y  of t h e  power del iver  s h a l l  be per  MIL-STD-704. Any subsystem 
requiring power conditioning not consis tent  with t he  requirements herein, 
must provide t h a t  conditioning wi thin  t h a t  user  subsystem.*(l4) 

Primar Power. Primary power s h a l l  be supplied redundantly i n  the  form of 
r e g u l a t m 0 / 2 0 8  vac with a l imi ted amount of regulated 56 vde 
availa'ble .* (14) 

Major Mission Phases 

1. Prelaunch. The EPS checkout p r i o r  t o  launch w i l l  be per- 
formed with a checkout crew onboard using t he  onboard 
checkout equipment. * (15) 

2. Countdown. External power w i l l  be supplied t o  OLS during 
countdown. A t  a predetermined time p r i o r  t o  launch, t he  OLS 
w i l l  go on p a r t i a l  i n t e rna l  power. The switchover w i l l  be 
provided within t h e  OLS and act ivated by remote control .*(l6) 

E l e c t r i c a l  Dis t r ibut ion 

1. Line Losses. E l e c t r i c a l  power s h a l l  be redundantly 
d i s t r ibu ted  t o  a l l  system users.  Line drop s h a l l  be per  
MIL-STD-704, with t h e  exception of t h e  dc voltage, which 
s h a l l  have a maximum voltage drop of 2.5 vo l t s  between t he  
regulated bus and t he  loads ,*(l4) 

2. Circu?: i- Protection. Redundant c i r c u i t  protect ion s h a l l  be 
proviaed f o r  a l l  c r i t i c a l  e l e c t r i c a l  power d i s t r i bu t i on  
c i r cu i t s .  Protection devices s h a l l  be s ized  t o  match sub- 
system user  requirements.*(b) 

R e l i a b i l i t y  

1. E l e c t r i c a l  power s h a l l  be provided f o r  performing f u l l  or 
reduced operations as indicated on the  following page .* ( 4 )  

*For ra t iona le ,  r e f e r  t o  spec i f ied  i t a n  number i n  Section 7.3.5 
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N m e r  of Fai lures  Subsystem Effect  

Normal capab i l i ty  - no measurable 
reduction i n  performance 

F u l l  capab i l i ty  f o r  crew s a f e t y  and 
b io log ica l  experiments. This s i t ua t i on  
can allow lo s s  of mechanical experiment 
but  permits mission continuation 
( c r i t i c a l  loads).  

F u l l  capab i l i ty  f o r  crew safety .  This 
s i t ua t i on  can allow loss  of mechanical 
and b io log ica l  experiments and 
terminates t he  mission (emergency loads ) . 

2 Redundant paths, such as f l u i d  l i ne s ,  e l e c t r i c a l  wiring, 
and connectors, s h a l l  be located,  where p r a c t i c a l  and 
feas ib le ,  s o  t h a t  an event which damages one l i n e  i s  
not l i k e l y  t o  damage t h e  other.*(4) 

3. Buses s h a l l  have redundancy t o  meet a l l  normal operations 
requirements .*(4,17) 

Main-Lainability 

1. Equipment requiring maintenance s h a l l  be designed such 
t h a t  EVA operations w i l l  be minimized.*(4) 

2. Replaceable un i t s  s h a l l  be read i ly  accessible with 
minimum distur'bance of other un i t s .  

3. Replaceable un i t s  s h a l l  be designed t o  permit d i r ec t  
v i sua l  and physical  access by pressure-suited crew with 
connectors and couplings provided f o r  ease of removal/ 
replacement. Precision elements w i l l  be provided with 
su i t ab l e  guides and clocking devices t o  a i d  i n  replace- 
ment .*(18) 

4, The EPX s h a l l  be designed so t h a t  normal maintenance may 
be performed without shut t ing down the  primary power .* (17) 

'Useful Life  

The subsystem s h a l l  be designed f o r  a m i n i m  operational  l i f e  of 
ten years with a resupply of consumables and replaceable items of equipment, 
This  operational  l i f e  may be obtained through long-life design and in-place 

++For ra t iona le ,  r e f e r  t o  spec i f ied  item number i n  Section 7.3.5 
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redundancy f o r  c r i t i c a l  equipment whose f a i l u r e  could disable the  OLS o r  
imperil  the  crew. Age-sensitive materials  w i l l  be avoided or  protected for 
minimum degradation. Consideration s h a l l  be given t o  state-of-the-art  f o r  
mater ia l  se lec t ion  and r e l a t ed  design charac te r i s t i cs  (such t h a t  wearout w i l l  
not degrade performance beyond acceptable tolerance (s ) ) within  subsys tern life- 
cycle requirements .*(lo) 

Environment 

See General, Section 2.2. 

Human Performance 

See General, Section 2.2. 

Safety  

1. In case of a f a i l u r e  of t he  primary power source t o  provide 
power f o r  normal operations, t he  backup power source w i l l  
automatically assumed the  backup e l e c t r i c a l  loads u n t i l  the  
primary power source can be brought on l i n e  again, I n  case 
of f a i l u r e  of t h e  primary and backup power sources, the  
emergency power source w i l l  automatically assume the  
emergency e l e c t r i c a l  loads f o r  a period of up t o  48 hours 
during EO operations and up t o  30 days during LO operations, 
++(4,13) 

2. The EPS together with the  information subsystem s h a l l  provide 
the  necessary e l e c t r i c a l  d i s t r i bu t i on  and the  hardware f o r  
control  of the  EPS from two separate and redundant control  
centers,  one center i n  each pressure i so l a t ab l e  volume.* (3,4) 

3. A l l  c i r c u i t s  s h a l l  'be provided with c i r c u i t  protection.  
devices. Ci rcu i t  protect ion devices s h a l l  be r e se t t ab l e  
from the  control  centers .*(4) 

4. Life  support functions s h a l l  be capable of being e l e c t r i c a l l y  
i so l a t ed  from the  general d i s t r i bu t i on  functions through 
automatic load shedding of equipment not r e l a t ed  t o  l i f e  
support functions .*(4) 

5. E l e c t r i c a l  d i s t r i bu t i on  panels s h a l l  be adequately enclosed 
or otherwise protected t o  minimize hazards t o  t he  crew and 
provide maximum nechanical protect ion f o r  the  e l e c t r i c a l  sub- 
system and components.*(4) 

6 .  Cable runs s h a l l  be su i t ab ly  enclosed or otherwise protected 
t o  minimize hazards t o  the  crew and provide maximum 
mechanical protect ion f o r  the  conductors .*(4) 

*For ra t iona le ,  r e f e r  t o  spec i f ied  i tem number i n  Section 7.3.5 
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7 .  Bus i so l a t i on  s h a l l  be such t h a t  f a i l u r e  of one bus w i l l  
not cause f a i lu re  of another bus. * (21) 

8, Equipment i n  pressurized areas t h a t  i s  required f o r  personnel 
s a f e ty  or  mission continuation ( c r i t i c a l  functions) s h a l l  be 
capable of surviving, ac t ive  or  dormant, i n  a depressurized 
environment f o r  a time period ( t o  be determined) s u f f i c i e n t  
t o  ensure reestablishment of a pressurized atmosphere i n  a 
damaged volume. This time period s h a l l  i n  any case be f o r  
a minirmun of 30 days .*(4,13) 

9. The capab i l i ty  s h a l l  be provided t o  supply power t o  perform 
emergency operations f o r  a minimum of 30 days (48 hours EO) 
with one pressure volume inactivated,  i so la ted ,  and vacated 
because of an accident .*(4,13) 

10, The capab i l i ty  s h a l l  be provided f o r  the  detect ion of time- 
c r i t i c a l  malfunctions of the  EPS or overloads on t he  EPS 
and t he  automatic switching t o  a sa fe  mode of operation.*(4) 

11, Redundant equipment, l i ne s ,  cables, and u t i l i t y  runs i n  
pressurized areas t h a t  are  c r i t i c a l  f o r  s a f e ty  of personnel 
or mission continuation s h a l l  e i t h e r  be located and routed i n  
separate compartments (i. e., separated by s t r u c t u r a l  wal l )  or  
be protected against  f i r e ,  smoke, contamination, and over- 
pressure.*(4,21) 

7.3.4 Major EPS Interfaces  

Experiment Support 

The e l e c t r i c a l  power subsystem s h a l l  have in terfaces  with and support 
requirements f o r  experiments as follows : *(22) 

Average power of 4 kw; maximum sustained power demand of 
6 kw f o r  l e s s  than 1 hour with a frequency of occurrence 
of not raore than twice i n  24 hours; and peak power of 7 kw 
f o r  a duration l e s s  than 1 minute, t he  frequency of occurrence 
s h a l l  not be more than twice per hour. Sequencing of operation 
of experiments s h a l l  be required t o  preclude a power demand 
i n  excess of t he  power a l l o t t e d  above, 

Doe king Provisions 

OLS and Docked Vehicle Interface .  The e l e c t r i c a l  in te r face  between the  
OLX and a l l  docked vehicles s h a l l  be common a t  the  docking por t  and s h a l l  meet - - 
the requirernents described i n  the  following paragraphs : 

"For ra t iona le ,  r e f e r  t o  specif ied item number i n  Section 7.3.5 
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1. Two connections, each with a five-wire ac 400 Hz c i r c u i t  
capable of 4.0 kw a t  120 t o  208 vol ts .  The f i t h  wire 
s h a l l  be f o r  s t ruc ture  ground.*(4,21) 

2. Two connections f o r  controls; including a redundant 
information subsystem in te r face  .* (4,21) 

3. When a vehicle or experiment i s  docked t o  t he  OLS f o r  
service,  i t s  ground system s h a l l  be t rans fe r red  t o  t he  
OLS Vehicle Ground Point (VGP) and s h a l l  not use t he  
docked vehicle s t ruc ture  .*(4) 

4. When a detached experiment or docked vehicle i s  on 
i n t e r n a l  power with t he  OLS connected, the  module power 
d i s t r i bu t i on  s h a l l  be of such design t h a t  the re  i s  no 
p o s s i b i l i t y  of power flow from the  docked module power 
supplies t o  t he  OLS buses or v ice  versa.*(4) 

5. Caution and warning functions required f o r  monitoring 
of the  docked vehicle w i l l  be provided t o  t he  OLS p r io r  
t o  energization of t he  power connection. Under no 
condition s h a l l  power be permitted on any wire of the  
docking in te r face  connections during connection or  d is-  
connection operations .*(4) 

Environmental ~ o n t r o l / ~ i f  e Support Susbsys tern 

1. ECLSS Power Requirements. ECLSS normal and emergency e l e c t r i c a l  
power load requirements s h a l l  be as follows : ~ ( 2 5 )  

a. 120 t o  208 vo l t s  ac 400 HZ 

b. 

Atmospheric storage 

C02 management 

Atmospheric control  

Active thermal 

Water management 

Waste management 

humidity fans,  
monitor) 

335 235 (punrps and heat 
exchangers 

*For ra t iona le ,  r e f e r  t o  specif ied item number i n  Section 7.3.5 
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Note: Above power values a re  continuous average loads 
i n  watts;  emergency loads are  f o r  a 2- t o  30- 
day emergency.*(l3) 

ECLSS Assembly 

Hygiene 

~ o o d  management 

Specia l  l i f e  support 

Totals 

2, EFS Cooling Requirements, The ECLSS s h a l l  provide temperature 
control  f o r  EPS heat sources . 

Information Subsystem 

Normal 

180 

630 

0 

7792 

1, ISS Power Requirements. The EPS s h a l l  provide redundant 
power t o  t he  ISS. The EFS s h a l l  provide emergency power 
as required f o r  communications, display,  control ,  data 
processing, and tracking.*(4,21) 

Emergency 

0 

o (food f reezer )  

0 

2193 

2, EPS Control Requirements. The ISS s h a l l  provide redundant 
f u l l y  automatic protect ive  and correct ive  controls,  including 
problem-solving ( f au l t  diagnosis, load s hedding/transfer, e tc .  ) 
as well  as normal controls and displays designed t o  re l i eve  
the  crew of t he  burden of continuous system s t a t u s  monitoring. 
*(4,20) 

Structures 

1, Lighting Protection. St ructures  s h a l l  provide e l e c t r i c a l  
bonding between vehicles and appropriate ground connections 
t o  p ro tec t  the  OLS while mated t o  t he  launch vehicle on t he  
pad a t  KSC against  s t a t i c  e l e c t r i c i t y  buildup and l i gh t i ng  
surges .* (4)  

2 ,  Harness Ducts. Redundant primary power and e l e c t r i c a l  
harness ducts s h a l l  be provided f o r  d i s t r i bu t i on  of power 
throughout the  OLS, including the  pressure bulkhead feed- 
through p la tes  .*(4,20,21) 

3, Heat Dissipation. E l e c t r i c a l  cable runs s h a l l  take f u l l  
advantage of the  OLS s t ruc ture  f o r  heat 'd iss ipat ion.  
Cable troughs should be designed t o  afford maximum heat 
t ransf  er.*(23) 

*For ratio:nale, r e f e r  t o  specif ied item number i n  Section 7.3.5 
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Crew and Habi tab i l i ty  

The EPS s h a l l  provide f i x tu r e s ,  controls,  and wiring t o  s a t i s f y ,  as a. 
m i n i m ,  the  l i gh t i ng  requirements ( f  oot-candles ) l i s t e d  i n  Table 7-8.*(6,24) 

1. Elec t r i c a l  power s h a l l  be provided f o r  one color t e l ev i s ion  
s e t  i n  each crew stateroom. 

2. E l e c t r i c a l  power s h a l l  be provided f o r  t he  crew-related 
recreat ion and entertainment equipment i n  t he  rec rea t ion  
area. The equipment and associated power requirements a r e  
as follows: 

It em 

Movie projector  

Tape deck I 50 

I 
Power (wat ts)  

500 

Color t e l ev i s ion  

3. The following e l e c t r i c a l  power s h a l l  be provided f o r  
each PGA: 

300 

a. 56 vdc - 2 amperes a t  the  umbilical  in te r face  when 
the  s u i t  i s  i n  operation 

b. 250 watt-hours f o r  ba t t e ry  charging of each PGA 

4. Elec t r i c a l  power s h a l l  be provided f o r  t he  f i e l d  type X-ray 
i n  the  medical treatment area. This s h a l l  require  an average 
of 200 watts f o r  operation. 

5. The capab i l i ty  and e l e c t r i c a l  power s h a l l  be provided f o r  
recharging por table  l i g h t s .  

Reaction Control Subsystem 

E l e c t r i c a l  power s h a l l  be supplied on a demand bas i s  t o  each valve, 
e l e c t r i c  blower, and i gn i t o r  c i r cu i t .  I f  f u e l  c e l l s  a re  used i n  the  OLS, the  
RCX s h a l l  provide storage of 3697 pounds of oxygen and 533 pounds of hydragel? 
reactants  f o r  emergency power generation f o r  30 days. 

Rationale 

1. The primary power source w i l l  not be act ivated u n t i l  i n  
ea r th  o rb i t  f o r  s a f e t y  and/or technical  reasons. For the  
der ivat ive  OLS, primary b a t t e r i e s  w i l l  supply power p r i o r  
t o  so l a r  a r r ay  deployment. 

*For ra t iona le ,  r e f e r  t o  spec i f ied  item number i n  Section 7.3.5 
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Table 7-8. OLS Lighting Requirements (~oot -candles )  

Area 

Crew s ta te rooms (6) 

Comanders  and exp . 
Coordinator  s ta terooms 
(2) 

Primary g a l l e y  

Backup g a l l e y  

Primary d i n i n g  

Recrea t ion  

Personal  hygiene 
Lava to r i e s  
T o i l e t s  
Showers 

Exerc ise  

Medical 

Work s t a t i o n s  
Maintenance/repair  
Exp er imen t 

Cont ro l  c e n t e r s  

A i r  l ocks  

A i s l e s ,  passageways 
Tunnels-direct  d i f f u s e d  

Overhead 

50 

10  

v a r i a b l e  t o  
30 (3) 

v a r i a b l e  t o  
30 (3) 

30 
30 

S e l e c t a b l e  
50 and 150 

v a r i a b l e  
5-50 

Supplementary Emergency 
Local (2) 

Desk 50 
Bunk 50 

Desk 50 
Bunk 50 
Grooming 50 

Work counter  50-70 5 I 
Work counter  30 I 
Eat ing  s u r f a c e  
30-50 

- 

Work counter  50-70 

5 
5 
5 
5 

5 

100 
d i f f u s e d  
500 (4)  

Work counters  50-70 10 
Work counters  50-70 10 

Low 
Level 

(1) 

(1) Foot-candles a r e  measured 30 inches  above deck. 
( 2 )  Unless s p e c i f i e d ,  i n t e n s i t i e s  a r e  measured a t  t h e  s u r f a c e  of use .  
(3) Var i ab le  l i g h t i n g  t o  30 foot-candles  may be designed wi th  0.5 foo t -  

cand le  low l i m i t  t o  provide  n i g h t  l i g h t .  
( 4 )  i4uxi l iary d i f f u s e d  i l l u m i n a t i o n  of 500 foot-candles  w i l l  be  provided, 

au toma t i ca l ly  ac tua t ed  i n  event  of power f a i l u r e .  
(5) Diffused 500- t o  1000-foot-candle lamp s h a l l  be loca t ed  above t h e  

examination c h a i r  and be d i r e c t i o n a l l y  a d j u s t a b l e  i n  medical  and 
d e n t a l  a r e a .  

(6 )  Low-level l i g h t i n g  s h a l l  always be  on except  when emergency l i g h t i n g  
i s  i n  use .  
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The e a r l i e s t  t h a t  the  primary source w i l l  be act ivated is  i n  
ea r th  o rb i t .  Once act ivated,  the  primary source w i l l  be used 
f o r  a l l  mission modes (possible exception may be emergency 
mode). Safe ty  considerations prevent nuclear power sources 
from being energized and technical  reasons prevent s o l a r  
a r r ay  deployment p r io r  t o  ea r th  o rb i t .  Once act ivated,  
nuclear power sources e i t h e r  cannot be deenergized (as i n  
t h e  case of rad io  isotopes,  or  it i s  highly undesirable (as 
i n  t he  case of reac tors ) .  Although by  proper design s o l a r  
arrays may be re t rac tab le ,  r e l i a b i l i t y  considerations would 
favor keeping t he  so l a r  a r r ay  deployed. 

Backup power i s  required f o r  s a f e t y  considerations and f o r  
mission continuation. 

This requirement i s  necessary f o r  crew s a f e t y  considerations,  

Power d i s t r i bu t i on  i s  a funct ion of t he  EPS. 

Lighting requirements have been included as a funct ion of 
t he  EPX on t h e  space s t a t i o n  and hence, on t he  OLS. General 
l i gh t i ng  requirements f o r  the  OLS a r e  s imi la r  t o  those of 
t he  space s t a t i on ,  including t he  requirements f o r  docking 
mechanism(s ) . 
Rationale f o r  o r b i t a l  cha rac t e r i s t i c s  and OLS f l i g h t  modes 
can be found i n  t h e  Orbit  Determination, Section 2 of 
Volume 11. 

Although the  premanning requirements a r e  only 2 kw, the  
launch requirements (RCS ) are  addi t ive ,  thereby r e su l t i ng  
i n  a higher value, ( ~ e f e r  t o  Table 7-9) See Volume V f o r  
f u r the r  discussion of der ivat ive  OM requirements. 

This requirement r e s u l t s  when manned plus  add i t iona l  power 
f o r  checkout/use of OLS equipment i s  required. 

The increase over premanning power i s  caused by  b a t t e r y  
charging a.nd an increase i n  ISS requirements. ( ~ e f e r  t o  
i t e n  7 Tor f l i g h t  duration ra t iona le . )  

Required power i s  based on t he  assumptions t h a t  t h e  i n i t i a l  
crew consis ts  of e ight  men and a l l  loads w i l l  not be 
energized simultaneously. (Refer t o  item 7 f o r  f l i g h t  
duration ra t ionale .  ) 

The power required i s  based on t he  e l e c t r i c a l  load analysis  
shown i n  Table 7-9. 
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Table 7-9. OLS E l e c t r i c a l  Load AnalysisH 

Subsystern/Equipment 

GO2 management 

Atmospheric s t o r a g e  

Atmosphere c o n t r o l  

Thermal l o o p  

Water management 

Waste management 

Hygiene 

Food management 

Specia l  l i f e  support 

Total  ECLSS 

~ o m u n i c a t i o n / t r a c k i n g  

Data  management 

D i s p l a y  and c o n t r o l  

T o t a l  ISS 

CNG ' s 

N a v i g a t i o n  

mu 
RCS c o n t r o l  

Landmark t r a c t o r  

T o t a l  G&C 

RC S 

L i g h t i n g  

Exp er b e n t s  

T o t a l  e l e c t r i c a l  
l o a d s  ( l e s s  EPS and 
d i s t r i b u t i o n  l o s s e s )  

I 

I Backup P r  enanned 

*The s u s t a i n e d  l o a d  r e p r e s e n t s  a f e a s i b l e  l o a d  t h a t  can be a p p l i e d  f o r  
up t o  1 hour  d u r a t i o n  and n o t  more t h a n  t w i c e  i n  a 24-hour p e r i o d .  

**See a l so  Volume V, EPS sec t ion  
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Duration of the  emergencies has been es tabl ished with 
crew sa f e ty  as the  prime consideration and depends upon 
t he  l o g i s t i c s  spacecraft  charac te r i s t i cs .  See Rationale 
no. 15 i n  Section 5.0. 

The development costs  of hardware f o r  the  OLS can minimize 
t he  qua l i f i ca t ion  expense of hardware f o r  t he  space s t a t i o n  
and the  space base i f  t he  subsystem requirements can be met 
with common hardware. To obtain the  benef i t  of common 
development costs ,  t h e  space base voltage, frequency, and 
power qua l i t y  were selected.  

This requirement i s  i n  response t o  requirement 38 of the  
OLS guidelines.  

External  power i s  used as long as possible t o  reduce drain 
on t he  batteries/consumables. 

This requirement i s  i n  response t o  requirement 12 of the  OLX 
guidelines. 

This requirement i s  i n  response t o  requirement 15 of the  OLS 
guidelines. 

This requirement i s  i n  response t o  requirement 4 of t he  OLS 
guidelines.  

This requirement i s  i n  response t o  requirements 18 and 36 
of the  OLS guidelines. 

This requirement i s  i n  response t o  requirement 16 of the  OLS 
guidelines. 

Based on t he  OLS experiment support requirements. 

Use of t he  OLS s t ruc ture  f o r  heat d i s s ipa t ion  w i l l  reduce 
t he  heat r e j ec t i on  requirements of t he  ECLSS. 

This requirements i s  i n  response t o  requirement 17 of the  
OLS guidelines. 

Power required by t he  ECLSS i s  based on an 8-man crew 
s ize .  
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7.4 IPaFORMATION SUBSYSTEM 

The OLS information subsystem ( ISS ) s h a l l  provide t he  e f fec t ive  
acquis i t ion,  processing, storage, management, display, d i s t r ibu t ion ,  and 
analysis  of data. It serves mission planning and operations scheduling, 
command and control ,  checkout, monitor and alarm, configuration control ,  
inventory control ,  f l i g h t  control ,  data  management, support between OLS sub- 
systems, t he  earth-based network, data  r e l a y  s a t e l l i t e s ,  lunar sur f  ace opera- 
t i on ,  experiment support subsystems, experiments, detached and attached modules 
or spacecraft  and t he  crew-using communications, data  processing, displays 
and controls,  t racking,  software, and spec ia l  purpose support equipment. 

The information subsystem s h a l l  provide t he  functions described i n  
t h e  following paragraphs. 

External  Communications 

External  communications s h a l l  be provided f o r  t he  exchange of in te l l igence  
between OLS systems and crew and the  ea r th  data r e l a y  s a t e l l i t e s ,  subsa t e l l i t e s ,  
lunar  surf  ace, EVA crewmen, and other operational  spacecraft  i n  c is lunar  
o r b i t s ,  

I n t e rna l  Communications 

The i n t e rna l  c o m n i c a t i o n s  function s h a l l  provide t he  intercommunication 
of in te l l igence  between compartments, subsystems, i n t e g r a l  experiments, IVA, 
at tached spacecraft ,  and control  centers and t o  t he  external  communication 
function,  The in te l l igence  consis ts  of voice, audio alarms, video, and 
publ ic  address as well  as operations, maintenance, experiment and t e x t  type 
data,  Control and display s ignals ,  portable l i f e  support subsystem data, and 
audio-vide o information functions are  required. 

1, Audio Entertainment and Paging 

The capab i l i ty  of l i s t en ing  t o  recorded music or other entertainment 
s h a l l  'be provided. The audio entertainment function s ha,ll  not 
prevent or  delay paging, audio alarms, and general  announcements. 

2 ,  Audio-Video Dis t r ibut ion 

Voice communications and closed-circuit  video d i s t r i bu t i on  s h a l l  
be provided. 

3. Dig i ta l  Data Distr ibution 

Dig i ta l  data d i s t r i bu t i on  s h a l l  be provided within t he  OLS. 

4, Peripheral  Group 

Terminal un i t s ,  switching and control  logic ,  recording, input- 
output, and audio-video un i t s  s h a l l  be provided. 
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Tracking 

Tracking functions of acquisi t ion,  t r a j e c t o r y  determination, in tegrat ion,  
and beam pointing s h a l l  be provided by the  ISS. 

Display and Control 

Display and control  functions s h a l l  be provided t o  perform f l i g h t  
management, operations management, planning and scheduling management, and 
experiment management. Display and control  functions s h a l l  provide maintenance, 
repa i r ,  replacement, and servic ing information. For a l l  crew sa f e ty  items, 
a l t e rna t e  displays and controls s h a l l  be provided. 

Data Processing 

Data processing functions s h a l l  acquire, process, d i s t r i bu t e ,  and 
s t o r e  data. 

S of tware 

Software s h a l l  be provided f o r  a l l  computer program used t o  operate 
t h e  information subsystem. 

7.4.2 Performance Requirements 

The information subsystem s h a l l  be modular i n  construction. Provision 
s h a l l  'be made i n  t he  o r ig ina l  design t o  provide f o r  planned s t a t i o n  expansion 
with no appreciable in te r rup t ion  of service.  The information subsystem s b a l l  
be compatible with and provide access t o  t he  ea r th  complex and other lunar 
exploration program elements. Any differences between representa t ive  and 
der ivat ive  OLS ISS performance requirements w i l l  be noted.* (1) 

External  Commwni cat  ions 

External  c o m u n i c a t i o r , ~  s h a l l  provide comunication l inks  between the  
OLS and ea r th  o r b i t a l  and ground elements and between t he  OLS and other lunar 
program elements. Continuous voice communication with elements not i n  l i ne -  
of-sight i s  not required. Use of data  r e l a y  s a t e l l i t e s  w i l l  provide eontinu-ous 
capabil i ty.  Capabil i ty t o  communicate with and obtain biomedical and portable 
l i f e  support subsystem data  from EVA crewmen s h a l l  be provided. 

1. Channels 

Five coherent duplex channels s h a l l  be provided f o r  communications 
and tracking. Each channel s h a l l  have a capab i l i ty  of a 6,5-m~lz 
baseband composite t h a t  can be configured t o  multiplex a va r i e ty  
of ranging, voice, videc, d i g i t a l ,  and analog data forms, ALL 
channels may be operated concurrently. 

++For ra t iona le ,  see spec i f ied  nunbered item i n  Section 7.4.5 
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2 ,  RF Frequency Allocation 

Compatible with overal l  space operations. For t he  purposes 
of t h i s  repor t  it w i l l  be assumed t h a t  the  OLS operates on 
S-band frequencies. 

3. Transmit and Receive Modes 

Compatible with overal l  space operations. 

4, Mission Phase U t i l i z a t i on  ( ~ r a n s m i t  and ~ e c e i v e )  

Table 7-10 l i s t s  t he  RF communications between OLS and 
ear th  as a function of mission phase. 

Table 7-10. RF Communications Between OLS and Earth 

Communication Mode 

Experiment data TM - 

Subsys terns TM I 

Graphic material  

Tracking 

PRN ranging 

Mission Phase 
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I n t e rna l  Communications* (2) 

1. In te rna l  Communications Information Sources 

A l i s t  of information sources i s  included i n  Table 7-11. The 
source quan t i t i es  specif ied i n  t he  t ab l e  ind ica te  t he  approxi- 
mate number of input and output points t h a t  s h a l l  be provided 
and not the  number of user  devices (telephones, e t c . ) .  

Table 7-11, Information Sources 

"For ra t iona le ,  see spec i f ied  numbered item i n  Section 7.4.5 

7-61 
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2 Entertainment and Paging Distribution 

Entertainment and paging shall be carried over a single channel 
to a11 audio-video units. Normally, recorded music and TV shall 
utilize this channel under control from the primary control 
center. Discretionary station-wide paging shall be performed on 
the same channel. Audio alarms shall be transmitted on the line 
upon command from the monitor and alarm program and shall by-pass 
all volume controls and ON/OFF switches. Verbal warning messages 
shall be handled through this alarm channel under operator option. 

3. Audio-Video Distribution 

Private voice communications shall be provided to each dining area, 
stateroom, control center, recreation center, and work station 
throughout the OLS . Nonprivate (intercom) backup voice communi- 
cations shall also be provided between critical locations. A 
closed circuit video net shall be provided for operations support, 
experiment support, entertainment, and safety. The audio-video 
network shall have terminals for docked vehicles and attached 
modules. 

4, Digital Data Distribution 

The digital data distribution network shall link all data sources 
and loads within the OLS except for certain dedicated links between 
subsystems. Data collected from all sources including display and 
control, maintenance/repair, and experiments/operations shall be 
distributed by this network to the correct destinations. Digital 
data received by the external communications and docked vehicles 
also shall be handled in this distribution network. 

5 Mission Phase Utilization (~ata ~istribution) 

Table 7-12 lists the following performance requirements that the 
ISS shall meet during the listed mission phases. 

Tracking *(3) 

Tracking shall perform the function of beam pointing and shall determ- 
ine direction, distance, and rates of acquired cooperative targets, The 
tracking f'unction shall be integrated with the external communication mction. 

1. &am Pointing 

Capability shall be provided to point the beam(;) within 3 db 
bemvidths. Upon acquiring a cooperative signal, automatic 
tracking shall be provided. 

++For rationale see specified item number in Section 7.4.5 
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Table 7-12. ISS Performance Requirements 

Mission Phase 

Entertainment 

I I I I I I 4 

2. Ranging 

The inlormation subsyst.em shall be capable of returning PEW rang- 
ing signals to the ground complex or an interrogating vehicle. 
The information subsystem shall be capable of determining dista~ce, 
direction and rates of detached modules, and other vehicles at 
medium range. Medium range is defined as from stationkeeping to 
OLS sphere of influence (1000 feet to 450 n mi). Short-range 
( s tationkeeping to hard dock) tracking shall be accomplished by 
the guidance and control subsystem. Table 7-13 lists the ISS 
capabilities. *(4) 

++ For rationale, see specified item number Section 
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Table 7-13. ISS Range Capabilities (with Reference to OLS) 

Over 450 nmi 

450 nmi t o  20 nmi 

20 nmi to 1000 f t  

Degraded Degraded Sphe r i ca l  

+ 3000 f t  s p h e r i c a l  1 0 a 5  f t /sec 
Sphe r i ca l  

+ 500 f t  r a d i a l  0.05 f t / s e c  120-degree 
(+ 1 deg) cone (1). 

(13 F u l l  cone ang le  cen t e r ed  on s i d e s  w i t h  docking p o r t s .  

Display and Control 

Display and control devices shall be provided to perform flight 
management,operations management, planning and scheduling management, and 
experiment management. 

1, Flight Management Displays and Control "(5) 

There shall be sufficient information provided to a single posi- 
tion in the primary control center for overall cognizance of 
relative positions and rates and for active flight control of 
all vehicles within the OLS sphere of influence. Backup capa- 
bility shall be provided in the experiment control center. 

2, Operations Management Display and Control 

Operations management shall be performed at a single position. 
Backup capability shall be provided in the experiment control 
center. There shall be sufficient information provided to per- 
form the following operations management f'unctions, but not 
necessarily simultaneously, at the same position: 

a, Subsys tem management - Information for subsystem (includ- 
ing docked modules) status and surveillance shall be 
provided at a single position. OLS and experiment sub- 
system remote control capability shall be provided. 

b. Maintenance - Information shall be available for coordin- 
ation of OLS (and other LEP elements) checkout and mainten- 
ance. Displays, controls, and intercommunications shall be 
provided at this position for determining the degree of 
success of any maintenance. 

* For rationale, see specified item nwnber in Section 7.4.5 
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c. Emergency management - Criteria and information shall be 
presented to the commander/duty officer to enable analysis - 
evaluation of the nature and magnitude of any important 
problem. The data processing function shall perform 
detection and shall prepare caution and warning information 
for presentation to the commander/duty officer by display 
and control f'unction. 

d. Personnel management - Personnel activity and availability 
information shall be available. A list of tasks with prf- 
orities and personnel requirements also shall be available 
at this position. 

e. Extravehicular activity - Visibility of and communications 
with personnel engaged in EVA shall be provided. 

f. Inventory management - Sufficient information to decide on 
inventory item utilization shall be available. Inventory 
trend data for critical consumables shall be available. 

3 .  Planning and Scheduling Management Display 

There shall be sufficient information available at a single posi- 
tion to plan and schedule the maintenance, logistics-inventory-, 
and personnel activities for the OIX and other program elements, 
The information display shall be flexible enough for crew per, qon- 
nel to decide which of the several plans and schedules to implement, 
Backup capability shall be provided. 

4. Experiment Management Display 

There shall be sufficient displays and controls provided at a 
single position (normally in the experiment control center) to 
manage and evaluate the experiments. The displays and Controls 
for OLX support of experiment operations shall be provided at 
this position. 

Three areas shall have display and control capability, In the 
primary control center, one position shall normally be utilized 
to perform the flight management fbnction. The other position 
shall normally be utilized to perform OLS and other program 
elements operation management and planning and scheduling man- 
agement functions. The experiment control center shall normally 
be utilized to perform experiment management functions. The 
display and control equipment in both control centers shall be 
physically identical in design and configured by software to the 
desired configuration. The commander shall be provided with 
sufficient displays and c~ntrols in his quarters to perform plan- 
ning and scheduling management. Displays and controls shall. 
consist of two types of equipment integrated into a single pack- 
age. The annunciation (message) associated with each display an-d 
control shall be configured by software. 
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5. Display Types * (6) 
The displays provided on each subassembly shall be identical in 
design and capability. The displays shall consist of the follow- 
ing : 

a, Uni.versal multiformat display - This device shall be capable 
of displaying any combination of alphanumeric, graphic, or 
pictorial information. All electronic circuitry required to 
drive, hold, extinguish, or perform logic selection shall be 
provided within the assembly. The data processing assembly 
shall provide the information to be displayed. 

b. Hard data viewer - This device shall be capable of display- 
ing microfilm-type material. The data processing assembly 
shall identie the specific frame to be retrieved. 

c. Alphanumeric fixed format - This device shall be capable of 
displaying 15 lines of information at 50 characters per line 
si.multaneously . 

d. Numeric display - These devices shall be provided t3 display 
critical subsystems parameters. Parameter identification 
shall be accomplished through use of control function keys. 

e. Hard text printer - This device shall be capable of providing 
reusable hard-copy documents. A capability shall be provided 
for a 96-character font, 48 characters per line, and 6 lines 
per inch. 

6, Control Types * (6) 
The controls provided on each subassembly shall be identical in 
design and capability. The controls shall consist of the follow- 
ing : 

a. Discrete keyboard - This device shall be capable of inputing 
discrete commands. The annunciation and function of each 
key shall be software controlled. 

b. Alphaaumeric keyboard - This device shall be capable of 
inputting alphanumeric information. 

c .  fide keys - These devices shall be capable of inputing dis- 
crete mode commands. The f'unction of each key shall be 
software-controlled. 

d. Special purpose controls - These devices shall be provided 
for those finctioris that cannot be controlled by a single 
series of discrete commands. 

--- *- For rationale, see specified item number in Section 7.4.5 
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e, Display address contrals - These devices shall provide for the 
routing of information to any single or combination of displa,y 
devices . 

Data Processing 

Data storage shall consist of acquisition, processing, distribu.tion, 
and storage. 

1. Acquisition 

Data acquisition shall include the requirement of acquiring both 
soft and hard data. This includes the collecting, conditioning, 
and combining of data for subsequent data processing functions, 
The types of data involved include command-control, maintenanee- 
repair, and experiment and program element support data and may 
be either analog or digital in nature. Hard data includes 
physical data, specimens, photographic film, and biological. 
products. 

Data shall be collected from the following sources: 

a. OLS subsystems 

b. Crew input through man-machine devices 

c. OLS integral and attached experiments 

d. Detached modules (cargo, propellant if detached depot 
is used) 

e. Earth-based ground control or tracking facilities 

f. Vehicles in near vicinity (including lunar surface) 
or docked 

g. LSB 

h. EVA 

The conditioning process for soft data shall include the follow- 
ing : 

a. Analog-to-digital conversion 
b. Parallel-to-serial conversion 
c. Time annotation 

The conditioning process for hard data shall include the follow- 
ing : 
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a. Placing hard data in containers 
b. Photo processing 
c. Oscillograph processing 
d. Image processing 

The soft data shall be combined by either frequency division 
multiplexing or by time division multiplexing such that it is 
suitable for transferring onto the data buses. 

The data processing assembly shall have access to all data 
through the internal communications data bus. Parameters shall 
be sampled on a selective basis, under program control, by hav- 
ing the computer address the desired test point. The requested 
data shall be converted (analog to digital) if required and 
routed to a computer input channel also under program control. 
All data points will not be sampled during each pass through the 
monitor program. Data required for diagnostic purposes is typ- 
ical of test points that are not sampled each time, whereas data 
required for monitor-alarm and fault detection shall be required 
for continuous observation. Additionally, the sampling rate for 
the same parameter ma;y vary depending upon the usage (i .e., the 
same test point may be common to both the monitor-alarm and 
fault isolation functions). During the fault isolation routine, 
the sampling rate may be greater than during the monitor-alarm 
routine. The information subsystem peak data acquisition rate 
shall be 10 megabits per second. Hard data shall be acquired by 
manual means. 

2 Processing 

The processing function shall provide the transfer function 
between the acquisition function and the distribution function. 
The specific operations to be performed include the following: 

Receive transferred data 
Separate mixed data 
Route data within the assembly 
Compress data 
Analyze data 
Edit data 
Transfer data 
Comput e 
Format 

The computation function shall: (1) process data relative to 
.the control of the OLS subsystem, experiment, detached module, 
or other vehicle in the vicinity; (2) process data required 
for mission planning and scheduling of operations and experi- 
ment activities; and (3) process and analyze data for anomaly 
detection and resolution. 
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Hard data processing shall be provided for photographic proeess- 
ing and image reproduction. The data processing assembly shall 
provide for soft data processing. The data processing assembly 
shall be general purpose digital computers connected in a multi- 
processing scheme that is under control of a master executive 
program. The minimum processing capability under worst case 
failure and maintenance conditions shall provide command-control 
for subsystem management, maintenance, and emergency management, 
This minimum capability shall be provided in each pressurized 
volume. The data processing assembly shall have the following 
capabilities: * (7) 

Full arithmetic capability with both fixed 
and floating point notation 

Byte (8 bits) manipulation 

Double precision arithmetic operations 

An interrupt capability for internal and 
external interrupts and power interruption 

Provide timing signals with a stability of 
0.01 part per million 

Provide for self-diagnosis 

The computer word length shall be 32 bits 

The data word byte shall be 8 bits 

Perform up to 10 million equivalent-add oper- 
ations per second (one equivalent-add opera- 
tion requires two machine cycles) 

Be capable of accepting data at a rate of up 
to 10 million bps 

3. Distribution 

Data distribution shall control the routing of the data to the 
appropriate terminal and for the data buses. For soft data, 
this includes distribution to the following: 

a. OLS displays 
b. OLS subsystems or other functional program elements for con- 

trol purposes 
c. Storage 
d. Transmission link 
e. Remote terminal units 

* For rationale, see specified item number in Section 7.4.5 
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The distribution for hard copy shall include the following: 

a. Packaging for transfer to earth or LSB 
b. Distribution to OLS personnel for analysis 

The data processing assembly shall deliver data and commands to 
the using peripheral equipments by addressing a specific remote 
terminal. Each remote terminal shall have the capability to 
store data or commands addressed to it. The medium used for 
transfer shall be the internal communications data bus. Com- 
mands will be decoded at the remote terminal and distributed 
to the user. Control, timing, and sequencing of stimuli gen- 
eration shall be provided by the information subsystem. The 
stimuli required (function generation, calibration energy, and 
component insertion), if any, as a resilt of a. command shall be 
generated by the user. The delivery rate to peripheral equip- 
ment shall be compatible with the user device. The maximum 
output data rate shall be equal to the maximum acquisition rate 
(10 megabits per second) and time-shared with it. Displays, 
hard-copy devices, audible aim, storage devices, and FP 
links shall be considered as peripheral equipment. Hard data 
shall be returned to earth. 

4, Storage 

There shall be two basic ty-pes of storage of data: non- 
computer and computer. The noncomputer data shall include 
texts, microfilm, photographic film, and experiment samples. 
The three classes of computer data storage shall be as 
follows : 

a. Operating - Operating storage shall be the near-zero 
access time storage from which instructions are 
executed. 

b. - Mass - Mass storage shall be supplemental to the oper- 
sting storage and have rapid access time. 

c. Archive - Archival storage shall be the moderate access 
time off-line storage and shall be directly connected to 
and controlled by the computer. 

Total operating memory for the data processing assembly shall 
have a storage capacity of 256~ words (8 memory modules, 32K 
words per module). Each processor shall be allocated portions 
of operating memory consistent with task assignments. 

The baseline ISS storage capability (excluding archival storage) 
shall be 2.5 megawords minimum. This storage shall be word- 
organized with nondestruct readout and of modular construction of 
256~-word increments. It shall be capable of "read/writeV , 
"read only", and "write only" modes of operation. 
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The information subsystem archival storage transfer rate between 
processor and storage unit shall be one megabit per second mini- 
mum. The time required to retrieve specific data from the archive 
storage shall be similar to that of ground-based computers (i -e 
minutes). There shall be a minim. of four su h units (tape 8 decks). Tape reel capacity shall be 1.25 x 10 words. 

All storage modules and units shall be easily removable, trans- 
portable, and reinsertable without degrading the data contained 
therein. A suitable protective container may be utilized to 
fulfill this requirement. Other information subsystern storage 
requirements are as follows: 

Television - 25 hours (4.5 mHz) 
Music - 48 hours (10 kHz) 
Voice - 2000 hours (4 HZ) 
Text - 3 x 106 pages using microfilm 

5. Ins trwnentat ion 

The ISS shall be the integrator of all measurement requirements. 
Displacements, temperatures, pressures, etc., shall be converted 
to equivalent electrical signals within the subsystems. Common- 
ality of ins'trumentation trmsducers and signal conditioners 
shall be a design goal. 

Instrumentation shall include measurements for crew habitability, 
biomedical experiments, subsystem functional operation, checkout, 
and primary structure penetration, radiator, and sensitive s17x- 
face degradation caused by meteoroids. 

Instmentation from subsystems includes sensor and signal eon- 
ditioning at 0 to 5 volts d-c from a source impedance no greater 
than 500 ohms (initial sizing) before interfacing with the inform- 
ation subsystem. 

Software 

Computer programs from the OLS shall consist of all programs required 
to operate the information subsystem. These programs shall provide for the 
acquisition, pr~sessing, storing, retrieving, comrnunicatians, and distribu- 
tion of infomition and data to enable ground and flight crews to control 
and support the following: 

OLS prelaunch, launch, earth orbital, TL flight, 
and lunar orbital operations 

OLS vehicle interface operations 

U P  missions support operations 

Experiment operation/scienti.fic investigations 
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In addition, the software shall consist of all computer programs 
required to modify, simulate, and verify the operational computer programs. 
A modular design concept shall be employed in software construction. Each 
program module shall be constructed to be verified readily. Capability shall 
be provided to permit in-orbit program modifications by selected crew members. 

All computer programs developed for the ISS shall be classified as 
one of three functional types : (1) supervisory programs (operating systems ) , 
(2) application program, or (3) support programs. The program operating 
memory utilization is shown in Table 7-14. 

7,4,3 Operability 

Reliability 

1. External Communications 

Capability shall be provided such that external communications 
shall not be dependent upon one RF path to earth, EVA or free- 
flying vehicles. 

2 Internal Communications 

Double-wire telephone and intercomnmnication shall be provided in 
redundant, physically separated wire runs for each pressure volume. 

3, Tracking 

The tracking function shall still be provided following any one 
failure. 

Table 7-14. Operating Memory Utilization 

Tasks 

Continuous functions 

Frequent functions 
Average usage (70 percent) 

Batch functions 

Operations (30 percent) 

Experiments and Backup 

Gross Words Net Words )I 



Space Division 
North American Rockwell 

4. Command and Control 

Command and control of the OLS experiments (including line of 
sight, free-flying experiment modules) sha.l.1 be provided sep- 
arately in each pressure volume and interlocked so as to pre- 
vent loss of critical functions. 

5. Data Processing 

Active redundancy shall be provided for operations following 
any one failure. This capability shall be available in both 
pressure volumes of the OLS. 

Provisions shall be available for dual redundant primary power 
inputs and a power input for backup power. 

Maintainability 

See Section 2.2. 

Useful Life 

See Section 2.2. 

Environment 

See Section 2.2. 

Hwnan Performance 

See Section 2.2. 

Safety 

1. The capability shall be provided to detect malfunctions in tne 
operations of the subsystems and experiments using data provided 
by such subsystems and experiments, trace the malfunction to the 
failed in-flight replaceable unit, and displw the information 
necessary for corrective action. 

2. For those malfunctions and/or hazards that m w  result in time- 
critical emergencies, provisions shall be made for the automatic 
switching to a safe mode of operation and for caution and wa,rning 
to personnel. 

3. The capability shall be provided to monitor the status of EVA 
personnel by two independent means. These data shall be avail- 
able at the control centers. 
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4. The capability shall be provided to determine the existence of 
emergencies, such as fires, toxic contami-nation, depressurization, 
structural damage, etc., using data provided by other subsystems 
and experiments. Appropriate caution and warning information 
shall be provided to affected crew members for such situations, 
informing them of the type and location of the emergency and of 
the necessary corrective action. 

5. A backup control center shall be provided in different pressure 
volume from the primary control center. It shall have the capa- 
bility (at the minim.um) to: 

a. Provide the cormand and control functions to operate the 
active subsystems and experiments in the event of loss of 
access to the volume containing the primary control center 
due to an accident. 

b. Provide sufficient monitoring, checkout, cormand and control 
functions of the subsystems and experiments in the affected 
volume to ensure safety, prevent further damage to equipment, 
and determine repair, IVA maintenance, and resupply require- 
ments to restore shirtsleeve access to the affected volwile. 

6, The OLS shall be provided with an override capalsility to exercise 
flight control over all vehicles in the lunar vicinity and on the 
lunar surface including stationkeeping and hard dock. The OLS 
control centers shall be capable of continuously monitoring and 
controlling closing ranges, rates, and attitudes to ensure 
structural integrity and crew safety during terminal rendezvous 
and docking operations. 

7.4,b Major Interfaces 

Experiment Provisions 

1, An experiment control center shall be provided having command 
and control and display capabilities. The experiment control 
center shall also serve as a backup control center for the OLS. 
Backup capabilities for the experiment control center shall be 
provided in the OLS primary control center. 

2 The interface between the ISS and free-flying subsatellites shall 
be via RF link. The ISS shall provide commands, computer data, 
and ranging signals. The subsatellites shall provide, upon com- 
mand, tmiaround ranging signals, subsystem data, and experiment 
data, The interface between the ISS and docked subsatellites 
shall be via coaxial cables. This shall connect the digital data 
distribution bus to the subsatellite with suitable modems. The 
ISS shall be capalble of supporting two subsatellites on station. 
The interface between the ISS and integra,l experiments shall be 
through remote acquisition and control units (MCU' s ) and/or 
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modems. The OLS information subsystem shall provide the cornad 
control capability, data acquisition, processing, storage, relap 
capability, display capability, and the checkout and fault iso- 
lation capability required to support all experiment fwLctiona1 
program elements as outlined herein. 

a. Data types 

(1) Soft data may take the form of analog data, digital 
data, or television displws. The responsibility for 
digitizing and formating rests with the OLS infomna- 
tion subsystem. 

(2)  Hard data includes physical data, specimens, photo- 
graphic film, and tapes. The ISS shall maintain an 
inventory of hard data. 

b. Data rate/quantity * (8) 
6 (1) Digital - Instantaneous peak 6 x 10 bps 

- Daily (maximum) 3.5 x 1011 bpd 
- Daily (average) 1 x 105 bps 

(2) Television - Station CCTV (2.9 - 4.5 mHz) 3 channels 
Station to surface (4.5 mHz) 1 channel 

( 3 )  The ISS shall be capable of acquiring data from lunar 
orbiting subsatellites for distances up to line of sight, 

c . Storage capability 

Operating memory 1 8 ~  words 
Mass storage 1 megawords 
Tapes 180 pounds 
Hard copy 180 pounds 

d. Command and control 

Discrete co-ds 1500 
Variable commands 80 eight-bit commands 

The capability for command and control of lunar orbiting 
subsatellites shall be provided for distances up to line 
of sight. 

* For rationale, see specified item number in Section 7.4.5 
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Types: Graphic display device. Provision is required 
for curve tracing and plotting. 

Signal light 

Meter 

TV (includes closed-circuit TV) 

f . Data processing capability - 1 x 1010 bpd 
g. Timing - timing signals shall be provided for a stability of 

0.01 part per million at a rate of at least 1 kHz. 

Crew Hakitability 

The interface between the ISS and the crew and habitability subsystems 
consists of the capabilities described in the following paragraphs. 

1, Alarms and Displays 

a. Audio (tone and voice) and visual (flashing light) alarm(s) 
shall be provided in all habitable areas. Audio alarms 
define the required crew action. 

b. ISS access displays shall be provided. 

2 Communications 

a. Two-way intercomnunications shall be provided between all 
habitable areas. 

b. Two-way hardline and W communications capability shall be 
provided between the primary and backup control stations and 
crewmen performing EVA in pressure suits. Two-way hardline 
and (buddy system) communications capability shall be pro- 
vided between the primary and backup control stations and 
crewmen performing IVA in pressure suits. 

c. The capability for private communications with earth shall 
be provided. 

d. The capability to receive and record selectable entertain- 
ment type audio and video communications (music and TV) 
shall be provided. 
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Guidance and Control 

1. The guidance and control system shall make the following inform- 
ation available to the ISS for use in displays, for system 
management, and in support of onboard checkout: 

Subsystem status measurements 

Power and mode status 

Attitude, attitude error, rate, and delta V 
information 

CMG gimbal angles and rates 

Docking range and angles and associated rates 

2. The following represents the types of guidance and control com- 
putations that shall be performed within the ISS data processing 
assembly : 

CMG desaturation requirements (time-to- 
saturation prediction) 

Current OLS attitude and rate and reference 
attitude alignment 

Position vector of targets of opportunity in 
LC1 coordinates (tracked by astronaut using 
the G&C sextant-telescope) 

Current OLS estimated state vector (position 
and velocity, orbital elements) 

Lunar landing tug guidance parameters 

Experiment to G&C reference calibration data 

Guidance, targeting and delta V commands for 
rendezvous, docking, deployment, and stat ion- 
keeping of free-flying vehicles 

Reaction jet commands and delta V prediction 
for OLS orbit maintenance 

G&C configuration status (real-time) 

G&C operation status (mode) 

Real time failure identification and mainten- 
anc e/ replacement requirements 
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Energy management computations associated 
with jet firings 

Control modeling, parameter estimate and 
adapt ion 

Star tracker pointing commands 

State vector propagation and update for free- 
flying subsatellites, and vehicles and station- 
keeping and collision avoidance computations 

3. The ISS shall make the following information available to the 
guidance and control in support of the previously mentioned 
computations: 

Vehicle configuration 

Sun and earth ephemerides 

Star catalog 

Range, range rate, OLS, and OLS rates from approach 
radars (for ranges greater than 1000 feet) 

Scheduled initiation of station delta V's and CMG 
desaturation 

Reaction jet attitude control inhibits and jet 
failure data 

Crew interface - manual navigation sightings, 
operation mode commands, configuration commands, 
and maintenance-in-progress/accomplished data 

Subroutines and bulk storage data loads 

Permanent and temporary data storage 

Experiment reference alignment 

Maneuver schedule 

Timing signal at 1-kHz rate 

k c k i n g  Provisions 

Docking provisions shall provide the following informati on capa- 
bility at each docking port: 

Mounting provisi~ns for the connection of docked elements 
to the internal communication busses. 
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Trz.nsmission of up to three TV channels between the docked 
elements and the O M  

Two-wa;y voice communication between the docked element and both 
the primary control center and experiment control center. 

One data channel shall be used to perform a checkout of a 
docked element. The O M  internal computations and process- 
ing capability shall be used to monitor the docked elements 
subsystems and perform routine diagnostic exercises to veriPy 
element readiness for release from the OLS. 

Reaction Control Subsystem 

Status data shall be provided for all the propellant valves, engines, 
and propellant fans to determine their open-closed or on-off conditions. 
Selected propellant tank, propellant line, propellant accumulator, and engine 
package temperature and pressure data will be available to the ISS to faeili- 
tate the control and monitoring of the RCS. The information subsystem shall 
provide control commands and checkout commands based on the data provided by 
the RCS. The ISS alarm system shall advise the astronauts of any RCS anoma,ly. 
The information subsystem shall also keep an inventory of in?-?light replaee- 
able units. During a resupply mode, the information subsystem shall provide 
command signals to the cargo module to control the propellant resupply flow, 
The ISS shall provide a manual control capability for the RCS jets that ove-r- 
rides the automatic commands. 

The interface between the ISS and the RCS shall be at the remote 
acquisition and control units (RAcu). The RACU may be contained within ai 
in-flight replaceable unit of the RCS subsystem. 

The ISS shall provide commands to the RCS. All commands shall be 
low-level digital logic pulses. 

Environmental Protection Subsystem 

1. The environmental protection subsystem shall provide the follow- 
ing qumt-ities and types of measurements (initial sizing attempt) 
to the ISS: 

~ype I Quantity 

Operational 
Additional fault isolation 

Total analog I 410 

The ISS shall provide commands to the environmental protection 
subsystem. All commands shall be low-level digital logic 
pulses, 
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2. The solar storm shelter shall incorporate the backup command and 
control consoles to permit the crew to maintain the minimum 
required station operations during a major solar flare event. 

Electrical Power Subsystem 

1. ISS Power Requirements 

The EPS shall provide redundant power to the ISS. The EPS shall 
provide emergency power as required for communications, displa;y, 
control, data processing, and tracking. 

2 EPS Control Requirements 

The ISS shall provide redundant fully automatic protective and 
corrective controls, including problem-solving ( fault diagnosis, 
load shedding/transfer, etc. ) as well as normal controls and 
displays designed to relieve the crew of the burden of contin- 
uous system status monitoring. 

7.4,5 Rationale 

1. OLS system requirements information subsystem (ISS) - The OLS/ 
ISS requirements are adapted from those developed during the 
EOSS studies. Preliminary estimates indicate similar ISS require- 
ments for both stations with major differences arising in software, 
planning and scheduling, and in the utilization of the longer range 
RF links. Essentially, similar link requirements exist for near 
space elements. The OLS link to a surface base resembles the EOSS 
link to an earth ground station and the EOSS link to a DRSS is 
roughly equivalent to the link from the OLS to an 85-foot MXFN 
station. The compatibility of requirements and the modular design 
philosophy imply a high percentage of comnality between EOSS 
and OLS equipments. 

Known potentials for growth in requirements include additional 
duplex channels and a tracking anteha for operation through 
lunar satellites. The modular construction requirement will 
preclude a major impact on most of the subsystem designs should 
this requirement become firm. However, the tracking antenna 
requirement could be a major item, depending upon the type of 
lunar satellite systems employed. The performance requirements 
reflect the current EOSS concept translated to the lunar orbit 
miss ions . 

2 Internal communications - The earth orbital space station require- 
ments for internal communications are functionally the same as 
those of the OLS. Similarly, the performance requirements are 
the same to the level of definition of the OLS effort. 
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3. Tracking - Tracking is integrated with the communication flmction, 
because all expected targets will be cooperative, and basic capa- 
bility exists in the communications. 

4. Ranging capabilities - This is based on assumption that the ranges 
and accuracies required for an OLS above the moon at 60 n mi will 
be similar to those for an EOSS at 260 n mi. 

5. Flight management displays and controls - Wagement displays and 
controls have been organized to minimize necessary crew effort in 
normal operatLon with backup capability for critical areas. 

6. Display and control types - The types and capabilities of displays 
and controls as listed are the result of EOSS tradeoffs involving 
essentially the same functional requirements. The selection cri- 
teria are based on the functional clarity in the preparation oof 
informa,tion, logical application of controls, and flexibility 
required of the display and control functions. 

7. Data processing capabilities - Peak experiment data rates, includ- 
ing both the OLS elements and lunar surface elements, combined 
with the normal systems load may exceed the acceptage rate eof tine 
soft data processor in the OLS at rare intervals. However, thts 
should be avoidable by scheduling the use of temporary storage 
and/or direct relay of data to the MSFN. Normal volumes and rates 
are anticipated well within the stated values. Similar organiza- 
tion or processing to that of the EOSS is based both on similar 
requirements and on commonality of modules. 

8. See Rationale (11) of Section 4.0. 
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7.5 GUIDAlVCE AND CONTROL SUBSYSTEM 

The guidance and control  subsystem (G&c) determines t he  ac tua l  and 
desi red s t a t i o n  s t a t e  vector a.nd provides t h e  commands t o  t h e  react ion control  
subsystem t o  maneuver t he  OLS t o  the  desired s t a t e  vector. 

The G&C provides a s t ab l e  a t t i t ude  f o r  t he  conduct of experiment 
operations. I n  addit ion,  the  G&C computes navigation and guidance commands 
f o r  deployment, rendezvous and stationkeeping of f ree-f ly ing experiments, 
manned and unmanned tug vehicles,  and lunar landing vehicles. 

The G&C subsystem a l s o  provides ( i n  conjunction with the  react ion 
control  subsystem) damping of vehicle disturbances , control  of a t t i t u d e  
or ienta t ion,  implementation of QLS maneuver requirements, and control  of 
or73 i t makeup. 

The funct ional  requirements a re  arranged by t h e  major mission phases. 

Launch Through Orbit Inser t ion 

The booster w i l l  provide guidance and control  of t he  launch vehicle 
OLS p r io r  t o  and including o rb i t  inser t ion.  The OLS G&C w i l l  be on standby. 

Orbital. Inse r t ion  Stage Separation 

The OLS G&C s h a l l  be capable of s t ab i l i z i ng  the  OLS subsequent t o  
o r b i t  inse r t ion  s tage (01s) separation.  

Bemanning i n  Earth and Lunar Orbit 

The G&C s h a l l  be capable of accepting a s t a t e  vector update from the  
ground , 

I n i t i a l  Manning i n  Earth and Lunar Orbit 

1" The ground complex s h a l l  provide OLS s t a t e  vector and tracking 
data t o  the  i n i t i a l  ~nanning tug vehicle f o r  use i n  e f fec t ing  
rendezvous with t he  OLS tug. 

2,, The G&C s h a l l  provide a t t i t u d e  hold f o r  the  OLS during f l y -  
around inspection and during crew kransfer.  

3. The G&C s h a l l  be capable of automatic remotely i n i t i a t e d  
checkout p r i o r  t o  manning. 

Initial Manned Operations 

The G&C s h a l l  be capable of i n i t i a l  manning checkout u t i l i z i n g  only 
OLS onboard checkout f a c i l i t i e s  (no spec ia l  checkout equipment) t o  the  in-  
flight replaceable un i t  (DRU) . 
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Routine Manned Lunar Orbit a1  Operations 

1. The G&C s h a l l  be capable of providing OLS s t a t e  vector and 
or ien ta t ion  data t o  the  ISS. 

2. The G&C s h a l l  be capable of automatically and s e l ec t i ve ly  
control l ing t he  RCS th rus te r s .  

3. The G&C s h a l l  compute t he  navigation and guidance commands 
f o r  deployment, rendezvous, and stationkeeping of f ree -  
f ly ing  experiments. 

4. The G&C s h a l l  provide navigation data t o  the  ISS i n  support 
of tug  operations (including retrograde d e l t a  V requiremends 
and t r a j ec to ry  information t o  the  lunar su-face) and provide 
t he  capab i l i ty  f o r  remote control. 

5. The G&C s h a l l  maintain a s t ab l e  OLS a t t i t ude  i n  any of the  
following modes : 

I n e r t i a l  a t t i t u d e  hold 
Earth referenced a t t i t u d e  hold ( i n  ea r th  o r b i t )  
Lunar referenced a t t i t u d e  hold ( i n  lunar o r b i t )  

6 .  The G&C s h a l l  be capable of performing energy management 
of s t a t i o n  disturbances because of antenna posit ioning,  
crew and cargo movements, docking program elements, and 
CMG desaturation i n  conjunction with t he  ISS. 

7. The G&C s h a l l  be capable of determining and control l ing 
t he  required o rb i t  makeup. 

8. The G&C s h a l l  be capable of performing reor ien ta t ion  
maneuvers as required f o r  various  doc docked vehicle 
c onf igur a t  i ons . 

Logis t ic  Support 

The G&C s h a l l  be capable of holding t h e  s t a t i o n  a t t i t u d e  with respect  
t o  an i n e r t i a l  or l oca l  l e v e l  reference during docking of tug and of recover- 
ing t he  OLS from the  resu l t ing  docking t rans ien t .  

Performance Requirenients 

The following tabula t ion defines the  performance requirements f o r  
each funct ional  cha rac t e r i s t i c  i den t i f i ed  i n  paragraph 7.5.1. Superscripts  
of t he  associated footnotes are  indicated by t he  nwnbered item l i s t e d  i n  
Section 7.5.5. 



Space Division 
North American Rockwell 

Piission Phase 

Orbit i n s e r t i o n  

Premanning 

Premaming 

Manning 

Marlning 

I n i t i a l  manned 
opera t ions  

R out i n e  l u n a r  
opera.t ions 

Routine opera t ions  

Routine l u n a r  
opera t ions  

G&C Function 

Monitor boos ter  

S t a t e  vec tor  Update f o r  
o r b i t  p o s i t i o n  

3-axis a t t i t u d e  hold' 

S t a t e  vec tor  update 
f o r  tug rendezvous 

3-axis a t t i t u d e  hold 
2 

3-axis angular  r a t e s  

Unmanned checkout 3 

I n i t i a l  manned checkout 
4 

A l t i t u d e  unce r t a in ty  5,6 

In- t rack  unce r t a in ty  

Cross-track unce r t a in ty  

O r b i t a l  v e l o c i t y  
unce r t a in ty  

Control  of RCS t h r u s t e r s  

Computation of s t a t e  
vec tor  5 

Commands f o r  f r ee - f ly ing  
experiment 

Performance Requirement 

None 

GND suppl ied  

+/- 5 degrees 

GND t o  t ug  (no s t a t i o n  
G&C Requirement) 

+/- 1.0 deg 

+/- 0.05 deg/sec  

To assembly l e v e l  

To IFRU l e v e l  

+/- 330 f t  1 sigma 

+/- 850 f t  1 sigma 

+/- 490 f t  1 sigma 

+/- 25 f t / s e c  RMS 

On-Off S igna l s  t o  
Valves and i g n i t o r  of 
any s i n g l e  engine o r  
engine combo 

Within 1 s p h e r i c a l  
n m i  of des i r ed  
l o c a t i o n  (3-sigma) 



Mission Phase 

Routine lunar oper -  
. at ions  

G&C Funct ion 

Docking range  u n c e r t a i n t  

100 f t  t o  c o n t a c t  

Docking c o n t a c t  c o n d i t i o ~  

P o s i t i o n  d e v i a t i o n  
( l a t e r a l )  

V e l o c i t y  d e v i a t i o n  
( l a t e r a l )  

V e l o c i t y  d e v i a t i o n  
( a x i a l )  

I n i t i a l  docking r a t e  
damped 

Recovery t o  o r i g i n a l  
c o n d i t i o n  

!faximum docking t r a n s i e n t  
a c c e l e r a t i o n  

Experiment o p e r a t i o n s  OLS 
s t a b i l i t y 5  9' 

3-axis a t t i t u d e  h o l d  
(con t inuous)  

3-axis a t t i t u d e  ho ld  
(30 minute  d u r a t i o n )  

3-axis a t t i t u d e  r a t e  
(con t inuous)  

3-axis a t t i t u d e  r a t e  
(30 minute  d u r a t i o n )  

Space Division 
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Performance Requirement 

+/- 1 f t  1 sigma 

+/- 0.5 f t  1 sigma 

+/- 0 .5  f t  a l lowed 

+/- 0 . 3  f p s  a l lowed  

+/- 0.5 f p s  a l lowed 

90 seconds  

160 seconds  l a te r  

0.001 g  a c c e l e r a t i o n  

1-1- 0.25 deg 

I/- 0.10 deg 

-1- 0.05 d e g / s e c  
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-- 

Mission Phase I G&C Function I Performance Requirement 

Routine lunar 
operations 

Routine lunar 
operations 

Logistics support 
8 

Experiment opera t ions  
a c c e l e r a t i o n 5  

Accelera t ion  t r a n s i e n t s  
(up t o  5 percent  of time) 

Maximum a c c e l e r a t i o n  
(never  t o  be  exceeded) 

O r b i t  makeup a l t i t u d e  
hold 

Reor i en ta t ion  r a t e s  
(3-axis) 

Docking range unce r t a in ty  I 
100 f t  t o  con tac t  I 

Docking con tac t  cond i t i ons  

P o s i t i o n  dev ia t ion  
( l a t e r a l )  

Ve loc i ty  dev ia t ion  
( l a t e r a l )  

Veloc i ty  dev ia t ion  I 
( a x i a l )  I 

I n i t i a l  docking r a t e  
damped 

Recovery t o  o r i g i n a l  
condi t ion  

Maximum docking t r a n s i e n t s  
recovery a c c e l e r a t i o n  

No more than  0.001 g 

No more than 0.01 g 

+/- 1 f t  1 sigma 

+/- 0.5 f t  1 sigma 

+/- 0.5 f t  allowed 

1 +/- 0.3 f p s  allowed 

+/- 0.5 f p s  allowed 

90 seconds 

160 seconds l a t e r  

0.001 g a c c e l e r a t i o n  



Space Division 
North American Rockwell 

7.5.3 Operabil i ty 

See appropriate paragraphs i n  Sections 2.2 and 2.3. 

7.5.4 Major Interfaces  

Experiment Provisions 

1. Atti tude Requirements i n  Lunar Orbit. 

The OLS G&C s h a l l  be capable of maintaining s t a t i o n  axes 
f i xed  with respect  t o  i n e r t i a l  coordinates i n  X-POP 
i n e r t i a l  f l i g h t  mode within + 0.25 degree. - 
The OLS G&C s h a l l  be capable of maintaining s t a t i o n  axes 
within + 0.25 degree i n  lunar referenced a t t i t u d e  hold 
with +z-axis a t  nadir  i n  X-POP l e v e l  mode on a continuous 
bas i s ,  except when it i s  i n  t he  i n e r t i a l  f l i g h t  mode 
previously specified.  For experiments, the  s t a t i o n  w i l l  
f l y  with t h e  -Y axis  i n  t he  d i rec t ion  of t he  ve loc i ty  
vector. 

The s t a t i o n  a l s o  s h a l l  be capable of operating i n  a f i n e  
pointing f o r  periods up t o  30 minutes, with v e r t i c a l  
within + 0.1 degree. - 

2. S t a b i l i t y  Requirements i n  Lunar Orbit.  The s t a t i o n  G&C shall 
be capable of l imi t ing  angular r a t e s  about t he  vehicle axes 
t o  0.05 degree/second continuously and t o  0.01 degree/secon:l 
i n  the  f i ne  pointing mode f o r  periods up t o  30 minutes, 

3. Ephemeris Accuracy Requirements . Uncertainity i n  t he  knowledge 
of s t a t i o n  o rb i t  pos i t ion  and ve loc i ty  s h a l l  be wi thin  
t he  following l i m i t s  : 

Alti tude 
In-track 
Cross-"track 
Orbit ve loc i ty  

+ 330 f e e t ,  1 sigma 
- + 850 f e e t ,  1 sigma 
- + 490 f e e t ,  1 sigma - 
+ 0.4% (25 fps),  rms - 

4. Infbrmation Req~irements.  The G&C s h a l l  provide t he  following 
information t o  the  ISS i n  support of t h e  experiments: 

Current s t a t i o n  a t t i t u d e  and r a t e  and reference 
a t t i t u d e  alignment 

Posi t ion vector of targets-of-opportunity i n  lunar  
centered i n e r t i a l  coordinates 

Current s t a t i o n  estimated s t a t e  vector 
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Experiment t o  G&C reference ca l ib ra t ion  data 

Guidance ta rge t ing  and de l t a  V commands f o r  
rendezvous, docking, deployment, and s ta t ion-  
keeping of free-flying subsa t e l l i t e s  

Reaction Control Subsystem 

The G&C s h a l l  provide on-off s ignals  t o  the  RCS solenoid valves and 
i gn i t e r s .  The input s ignals  a re  required by each RCS engine. 

Environmental Protect ion Subsystem 

The environmental protect ion subsystem s h a l l  provide protect ion t o  
ex te rna l ly  mounted guidance and control  subsystem sensors during prelaunch 
and launches phases. 

Additionally, p ro tec t ion  s h a l l  be provided f o r  standby redundant 
ex te rna l  G&C sensors during a l l  other phases. Such protect ion s h a l l  be 
designed t o  provide means f o r  periodic i n f l i g h t  checks of standby devices. 

Information Subsystem 

1, The G&C system s h a l l  make the  following information 
avai lable  t o  t he  ISS f o r  use i n  displays,  f o r  system 
management, and i n  support of onboard checkout: 

Subsystem s t a tu s  measurements 

Power and mode s t a tu s  

Att i tude,  a t t i t u d e  e r ror ,  r a t e ,  and de l t a  V 
information 

CMG gimbal angles and r a t e s  

Docking range and angles and associated r a t e s  

2. The following represents the  types of guidance and 
control  computations t h a t  s h a l l  be performed within 
t he  ISS data  processing assembly: 

CMG desaturat ion requirements (time-to sa tu ra t ion  
predic t ion)  

Current OLS a t t i t u d e  and r a t e  and reference a t t i t u d e  
alignment 

Posi t ion vector of t a rge t s  of opportunity i n  LC1 
coordinates ( tracked by astronaut using t he  G&C 
sextant-telescope) 
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Current OLS estimated s t a t e  vector (posi t ion and 
veloci ty ,  o r b i t a l  elements ) 

Lunar landing tug guidance parameters 

Experiment t o  G&C reference ca l ib ra t ion  data  

Guidance ta rge t ing  and de l t a  V commands f o r  
rendezvous, docking, deployment, and s ta t ion-  
keeping of free-flying vehicles. 

Reaction j e t  commands and de l t a  V predic t ion f o r  
OLS o rb i t  maintenance 

G&C configuration s t a t u s  (real- t ime) 

G&C operation s t a tu s  (mode) 

Real time f a i l u r e  i den t i f i c a t i on  and maintenance/ 
replacement requirements 

Energy management computations associated with j e t  
f i r i n g s  

Control modelling, parameter estimate and adaption 

S t a r  t racker  pointing commands 

S t a t e  vector propagation and update f o r  f ree-f ly ing 
subsa t e l l i t e s ,  and vehicles and stationkeeping and 
co l l i s i on  avoidance computations 

3. The ISS s h a l l  make t he  following information a v a i l a b l e ' t o  t h e  
guidance and contr 01 i n  support of the  previously mentioned 
computations : 

Vehicle configuration 

Sun and ear th  ephemerides 

S t a r  catalog 

Range, range r a t e ,  OLS, and OLS r a t e s  from approach 
radars ( f o r  ranges greater  than 1000 f e e t )  

Scheduled i n i t i a t i o n  of s t a t i o n  d e l t a  V's and CMG 
des a tu ra t ion  

Reaction j e t  a t t i t u d e  control  i nh ib i t s  and j e t  
f a i l u r e  data  
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Crew interface  - manual navigation s ight ings  , operation 
mode commands, configuration commands, and rnaintenance- 
in-progress/accomplis hed data 

Subroutines and bulk storage data  loads 

Permanent and temporary data  storage 

Experiment reference alignment 

Maneuver s che dule 

Timing s igna l  a t  1 kHz r a t e  

7.5.5 Rationale 

1. Three axis  l o c a l  v e r t i c a l  a t t i t ude  hold t o  within + 5 
degrees p r io r  t o  manning i s  provided f o r  communicaTion 
antenna pointing, rendezvous reference acquis i t ion,  and 
t o  rznimize the  t r ans i en t  i n  acquiring more accurate 
a t t i t u d e  hold f o r  fly-around inspection and manning. 
The 5 degrees are  not c r i t i c a l ,  and i n  the  event a long 
duration unmanned period becomes required, t h i s  funct ion 
could be replaced by a f r e e  d r i f t  mode f o r  the  minimization 
of propellant  use and control  ac t iv i ty .  The capab i l i ty  i s  
provided f o r  reacquiring l o c a l  l e v e l  a t t i t ude  from an 
a r b i t r a r y  a t t i t ude .  

2. Transit ion t o  a + 1 degree a t t i t u d e  hold i n  e i t h e r  a l o c a l  
v e r t i c a l  or i ne ry i a l  mode may be i n i t i a t e d  by e i t he r  the  
ground or an approaching vehicle. The values of r a t e  
s t a b i l i z a t i o n  t o  + degrees/second and a t t i t ude  hold t o  
+ 1 degree are  no7 c r i t i c a l  and are  chosen f o r  convenience - 
of the  crew i n  e f fec t ing  terminal  phase rendezvous, f l y -  
around inspection, unmanned checkout, docking, and manning. 

3. Unmanned checkout i s  i n i t i a t e d  by e i t h e r  ground c o m n d  or 
'by the  manning vehicle ar,d i s  performed t o  the  assembly l eve l  
or lower t o  allow the  crew t o  determine subsystem operating 
capab i l i ty  and a l t e rna te  modes p r io r  t o  manning. 

4. I n i t i a l  manned checkout i s  performed t o  t he  IFRU l e v e l  by 
t h e  crew i n  conjunction with t he  ISS t o  allow f o r  repa i r  
or replacement through the  use of onboard spares. 

5. These requirements a re  determined by experiment support 
provisions. 
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6. The OLS pos i t ion  uncer ta inty  requirements a re  based on an 
experiment t o t a l  pointing accuracy requirement of 2 0.25 
degree, of which 0.16 degree i s  budgeted t o  pos i t ion  
uncertainty.  The t o t a l  posi t ion accuracy i s  a l located as 
0.133 degree in-track, 0.077 degree cross-track, and 0,026 
degree a l t i t u d e  with a margin of 0.015 degree. For a 60- 
naut ica l  mile lunar o rb i t ,  these  accuracies can be met by 
the  given pos i t ion  uncer ta int ies .  The ve loc i ty  uncertainty 
represents 0.4 percent of o r b i t a l  ve loc i ty  and i s  required 
t o  meet tracking r a t e  accuracy requirements t o  provide 
photographic resolution.  

7. Docking e r rors  a re  based on allowable contact conditions 
and t he  capab i l i ty  f o r  manual backup. The nmber i s  based 
on demonstrated successful  docking conditions and minimal 
in terference with onboard experiments. 

8. Guidance ta rge t ing  f o r  tug operations w i l l  be performed 
by t he  OLS G&C i n  conjunction with t he  ISS. These w i l l  
include guidance ta rge t ing  and de l t a  V computation and 
mission planning f o r  lunar landing. Manual backup control  
takeover capab i l i ty  a l so  w i l l  be provided f o r  unmanned and 
manned tug vehicles f o r  rendezvous, docking deployment, and 
lunar landing. 

7.6 REACTION CONTROL SUBSYSTEM 

The react ion control  subsystem (RCS) ( together with t h e  torques 
supplied by t h e  G&C su'bsystem) provides the  forces  and moments necessary f o r  
a t t i t u d e  control  of t he  OLS and those forces  required f o r  o rb i t  a l t i t ude  
maintenance. 

7.6.1 Functional Requirements 

Launch Through Earth Orbit Inse r t ion  and Translunar F l igh t  

The OLS RCS w i l l  'be i n  a standby s t a t e  during t he  launch and a.seent 
t o  ea r th  o rb i t  phase and during t ranslunar  f l i gh t . * ( l )  

Premanning i n  Earth and Lunar Orbit 

The OLS RCS s h a l l  be capable of providing control  torques f o r  
s t a b i l i z a t i o n  during t he  premanning phase i n  conjunction with guidance and 
control  commands .*(2) 

*For ra t ionale ,  r e f e r  t o  spec i f ied  i tem nwriber Section 7.6.5 
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I n i t i a l  Manning i n  Earth and Lunar Orbit 

The RCS s h a l l  be capable of providing control  torques f o r  s t a t i o n  
a t t i t u d e  hold during fly-around inspection and during crew transfer.*(2) 

I n i t i a l  Manned Operations 

The RCS s h a l l  be capable of i n i t i a l  manning checkout u t i l i z i n g  only OLS 
onboard checkout f a c i l i t i e s  (no spec ia l  checkout equipment). 

Routine Manned Lunar Orbi ta l  Operations 

1, The RCS s h a l l  be capable of providing control  Oorques f o r  
reor ient ing the  OLS t o  any of t h e ' f l i g h t  modes required f o r  
routine operations .* (2) 

2, The OLS reac t ion  control  subsystem (RCS) s h a l l  be capable 
of producing t he  necessary control  torques f o r  OLS 
s t a b i l i z a t i o n  and control  f o r  any configuration of OLS and 
docked elements .* (2)  

3 ,  The OLS RCS s h a l l  be capable of producing control  torques 
f o r  the  OLS during docking of a space tug or  other 
program elements .* (2)  

4, The RCS s h a l l  be capable of providing forces  f o r  o rb i t  
maintenance requiring a de l t a  V of 500 fee t / second/~ear .  
*(6) 

5. The RCS s h a l l  be capable of providing forces and control  
torques f o r  desaturation of G&C control  moment gyros.*(6) 

6, The RCS s h a l l  be capable of providing t he  control  
torques and forces  required f o r  OLS a t t i t u d e  maneuvers .* (2)  

Logist ic Support 

The RCS s h a l l  'be capable of providing t h e  control  torques and forces  
required f o r  holding the  OLS i n e r t i a l l y  f ixed  during docking of a space tug 
and cargo nodule and of recovering t h e  OLS f r o m t h e  resu l t ing  docking 
t rans ien t  .* (2)  

Cryogenic Storage Requirements 

The RCS s h a l l  provide f o r  s torage of cryogenics and s u b s a t e l l i t e  
propellants onboard t he  OLS or i n  docked modules.*(3) 

+ F O ~  ra t ionael ,  r e f e r  t o  specif ied item nwriber i n  Section 7.6.5 
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7.6.2 Performance ~equirements*( 3) 

Design t o  Requirements. The RCS s h a l l  be designed and s ized  t o  normal 
operations f o r  180 days f o r  a 90-degree i nc l i na t i on  lunar  po la r  o rb i t  at 
60-12 m i  a l t i t u d e  with an atmosphere as defined i n  NASA TM-X-53865. The design 
t o  f l i g h t  mode i s  X-POP Y. The design representa t ive  and der ivat ive  configurations 
f o r  t he  rout ine  operation phase a re  given i n  Sections 2.0 and 7.0 of Volume V. 
*(4) 

Operate t o  Requirements. The OLS s h a l l  be capable of operation at any 
degree of inc l ina t ion  i n  a 45 t o  80-n m i  lunar o rb i t .  The OLS s h a l l  be capable 
of operating i n  both X-POP and Y-POP l e v e l  i n e r t i a l  f l i g h t  modes.*(4) 

RCS Design and Sizing Requirements 

Table 7-15 iden t i f i e s  t he  spec i f i c  RCS design and s i z e  t o  requirements 
t o  s a t i s f y  t he  functions of paragraph 7.6.1.*(5) 

Table 7-15. RCS Design and Sizing Requirements 

Zero-g (180-day p r o f i l e  ) 

Atti tude hold 

At t i tude maneuvers 

Maintain o r b i t  

Cryogenic Storage Requirements* (5) 

See Table 7-16. 

*For ra t iona le ,  r e f e r  t o  spec i f ied  item rimer i n  Section 7.6.5 
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Table 7-16. Cryogenic Storage Requirements 
(including s u b s a t e l l i t e  propellant  ) 

Representative 

For der ivat ion of t he  above requirements see t he  react ion control  
subsystem sec t ion  of Volume V, 

See t h e  appropriate paragraphs i n  Section 2.2 and 2.3. 

7,6-4 Major Interfaces  

The RCS in te r faces  with other subsystems a r e  i den t i f i ed  i n  Figure 7-1. 
and described i n  t he  following paragraphs. 

Experiments 

RCS s h a l l  provide 455 lbm N2 and 7811 lbm N2H4 propel lant  storage f o r  
180 days f o r  t he  experiment provisions. 

The l i q u i d  oxygen, l i q u i d  hydrogen, l i q u i d  nitrogen and hydrazlne 
tanks s h a l l  be located i n  unpressurized areas within t he  environmental sh i e ld  
of t he  OLS i n  redundant locations f o r  r e l i ab i l i t y . * (7 )  

Environmental Protection Subsystem 

The environmental protect ion subsystem m s t  p ro tec t  t he  RCS cryogenic 
tanks from penetra t ion by micrometeoroids. The heat leaks t o  t he  cryogenic 
tanks s h a l l  'be control led t o  b o i l  off an amount appropriate t o  t he  usage 
demands ,* (7) 

E l e e t r i e a l  Power Subsystem 

E l e c t r i c a l  power s h a l l  be supplied on a demand bas i s  t o  each valve, 
e l e c t r i c  blower, and i gn i t o r  c i r cu i t .  I f  f u e l  c e l l s  are  used i n  t he  OLS, t he  
X C S  s h a l l  provide storage of 3697 pounds of oxygen and 533 pounds of hydrogen 
reac tan t s  based on 180-day storage.*(8) 

++For ra t iona le ,  r e f e r  t o  specif ied item number i n  Section 7.6.5 

7-94 
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RCS ENGINE MOUNTS, 
CRY0 TANK INSTALLATION 

ENVIRONMENT 
PROTECTION 

HABITABILITY 

Figure 7-1. RCS Interfaces 
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Environmental Control and Life  Support Subsystem 

The RCS s h a l l  supply storage of s u b c r i t i c a l  N2, 02, and H2 s ized  t o  
t he  following f o r  ECLSS: 

E CLS S Function 1 Representative OLS I Derivative OLS 
I 

Leakage I 02 - 1247 lbm 1 02 - 2394 lbm 

I N2 - 3096 lbm N2 - 6894 l'bm 

Repressurization 
( 2 0 ~  f t3)  

Sabat ier  u n i t  I Hz - 324 lbm I Hz - 324 lbm 

02 - 350 lbm 

N2 - 1150 Ibm 

The above requirements a re  based on 180 days storage capacity.*(g) For a 
de t a i l ed  development of these  requirements see t h e  reac t ion  control  sub- 
system sec t ion  of Volume V. 

o2 - 350 lbm 

N2 - 1150 lbm 

Information Subsystem 

Sta tus  data  s h a l l  be provided f o r  a l l  of t he  propel lant  valves, engines, 
and propel lant  fans  t o  determine t h e i r  open-closed or  on-of f conditions. 
Selected propel lant  tank, propel lant  l i ne ,  propellant  accumulator, and engine 
package temperature and pressure data  w i l l  be avai lable  t o  t he  ISS t o  f a c i l i t a t e  
t he  control  and monitoring of t he  RCS. The information subsystem s h a l l  
provide control  commands and checkout commands based on t he  data provided by 
t h e  RCS. The ISS alarm system s h a l l  advise t he  astronauts of any RCS anomaly. 
The information subsystem s h a l l  a l s o  keep an inventory of i n f l i g h t  replaceable 
un i t s .  During a resupply mode, t h e  information subsystem s h a l l  provide com- 
mand s ignals  t o  t h e  cargo module t o  control  t he  propel lant  resupply flow. The 
ISS s h a l l  provide a manual control  c apab i l i t y  f o r  t he  RCS j e t s  t h a t  overrides 
t he aut  omat i c commands . 

The in t e r f ace  between t h e  ISS and t h e  RCS s h a l l  be a t  t he  remote 
acquis i t ion and control  un i t s  (RACU) . The RACU may be contained within an 
i n f l i g h t  replaceable u n i t  of t h e  RCS subsystem. 

The ISS s h a l l  provide commands t o  t he  RCS. A l l  commands s h a l l  be low- 
l e v e l  d i g i t a l  log ic  pulses. 

++For ra t iona le ,  r e f e r  t o  spec i f ied  i tem nwnber i n  Section 7.6.5 
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Guidance and Control Subsystem 

The guidance and control  subsystem supplies on-off control  signals t o  
the  react ion control  subsystem solenoid valves and ign i te r s .  These input 
s ignals  a re  required by each engine of t he  RCS. 

Docking Provisions 

The capab i l i ty  t o  r e fue l  the  cryogenic tanks v i a  any normal docking 
por t ,  s h a l l  be provided. Refueling of t he  cryogenic tanks from a cargo 
module s h a l l  be possible regardless of whether or not t he  s t a t i o n  i s  
pressurized. The following capab i l i t i e s  s h a l l  be provided across t he  docking 
interface:  

Transfer of l i qu id  oxygen 
Transfer of l i q u i d  hydrogen 
Transfer of l i q u i d  nitrogen 

A minimum of one f i l l  and one vent connection f o r  each f l u i d  s h a l l  be 
provided. 

7.6.5 Rationale 

1. A l l  propulsion functions are  handled by the  o rb i t  i n se r t i on  
vehicle during these  phases. 

2. The OLS RCS must be capable of s t ab i l i z i ng  t he  vehicle t o  
permit i n i t i a l  docking, subsequent docking, o r b i t a l  operations, 
experiment performance, and crew and cargo t rans fe r .  These 
operations require a s tab le  platform. The OLS RCS a l so  must 
be capable of reor ient ing the  vehicle t o  f a c i l i t a t e  spec ia l  
experiments and observations. 

3. The space tugs and t he  lunar excursion vehicles w i l l  require 
large  amounts of cryogenic oxygen and hydrogen. Because these 
materials  must be s to red  with t he  s t a t i on ,  it would be practical 
t o  have t he  RCS use t h i s  supply also.  Also, it i s  p r a c t i c a l  t o  
assign a l l  of t he  cryogenic storage t o  t he  RCS f o r  centra l ized 
accountabil i ty.  

4. The RCS s h a l l  be designed t o  support t he  projected OLS mission, 

5. The OLS RCS must be s ized  t o  perform the  required 0peration.s 
and t o  respond t o  t he  control  commands. The spec i f i c  require-  
ments are  developed i n  t he  react ion control  subsystem sec t ion  
of Volume V. 

6. Orbit de te r io ra t ion  can only be countered through t he  appl icat ion 
of a t h r u s t  force.  The t h r u s t  l eve l s  required are  wi thin  the  
capab i l i t i e s  of an RCS. Also, normal o r b i t a l  a t t i t u d e  maintenance 
w i l l  pe r iod ica l ly  sa tu ra te  t h e  control  moment gyros. A steady 
f i r i n g  of t he  proper RCS engine w i l l  t u rn  t he  gyros back t o  t h e i r  
s t a r t i n g  posit ions.  
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7. The cryogenic tanks must be located i n  a vacuum environment 
t o  el iminate convective and reduce conductive heat l eak  i n t o  
t he  tanks. A t  the  same time, the  tanks must be shielded from 
the  sun t o  prevent rad ia t ive  heating. To ensure long usage 
l i f e ,  the  tanks must be protected from meteoroid damage. 
Location of the  tanks outside of t h e  pressure h u l l  considerably 
reduces t he  p o s s i b i l i t y  of cryogenic f l u i d  s p i l l i n g  ins ide  of 
t he  l i v i n g  areas. 

8, E l e c t r i c a l  power i s  required t o  control  the  RCS. Any f u e l  
c e l l  used on the  OLS log i ca l l y  would use oxygen and hydrogen 
from the  RCS. These cryogens must be vaporized f o r  use i n  
t he  RCS as well  as f o r  use i n  the  f u e l  c e l l s .  The use of a 
common supply s impl i f ies  t he  design and accountabi l i ty  
requirements. 

9. A very l a rge  requirement f o r  nitrogen storage i s  ant ic ipated 
f o r  t he  OLS. To keep t he  volume down, it i s  reasonable t o  
s t o r e  t h i s  nitrogen as a cryogsnic l iqu id .  This l i q u i d  
nitrogen would then be s to red  with the  other cryogenic l iqu ids  
and assigned t o  the  RCS t o  consolidate accountabil i ty.  I f  
l i qu id  nitrogen were not used, l i q u i d  ammonia or hydrazine, 
plus high pressure nitrogen gas, m3y be required i n  addi t ional  
storage areas. 

7.7 ENVIRONMENTAL PROTECTION SUBSYSTEM 

The environmental protect ion subsystem (EW) provides (1) temperature 
and heat control  f o r  s t ruc ture ,  subsystems, i n t eg ra l  experiments, assemblies, 
and components by passive thermal des ign techniques independent of vehicle 
a t t i t u d e  i n  o rb i t ,  (2)  shielding t o  break up and/or def lec t  and/or absorb 
mierometeoroids t h a t  may otherwise endanger the  OLS, (3) protect ion f o r  the  
crew and sens i t ive  equipment from rad ia t ion  present i n  the  na tura l  environ- 
men"c,ar_d (4 )  protect ion against  aerothermodynamic deterimental e f f ec t s  during 
boost* 

Functional Requirements 

Thermal Protection 

1, The ENPS s h a l l  provide, i n  conjunction with t he  ECLSS, a general  
limi-ibation on the  minimum temperature t ha t  the  i n t e r i o r  walls 
of the  pressurized volumes of the  OLS w i l l  experience.*(l) 

2,  The ENPS s h a l l  provide the  following : 

A l imi ta t ion  on the  maximum heat load gain i n t e r n a l l y  
t o  the  OLS from the  external  environment,*(2) 

+For ra t ionale ,  r e f e r  t o  specif ied item number i n  Section 7.7.5 
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A l im i t a t i on  on the  maximum heat load loss  from the  
OLS t o  t he  external  environment .*(2) 

Insula t ion t o  l im i t  the  i n t e r i o r  wal l  temperature of 
unpressurized OLS volumes .*(3) 

Thermal independence t o  vehicle o r b i t a l  a t t i t u d e  i n  
conjunction with the  ECLSS .* (4) 

3. EPJPX s h a l l  preclude condensate formation on inner pressure 
wal l  surf  aces .* (5) 

Micrometeoroid Protection 

1. EI\SPX s h a l l  l i m i t  the  p o s s i b i l i t y  of a micro~neteoroid 
penetrat ing the  crew or systems compartments.*(6) 

2 ,  EWS s h a l l  prevent catastrophic f a i l u r e  of f l u i d  
storage tanks due t o  micrometeoroid penetration.*(6) 

3. E N S  s h a l l  prevent f a i l u r e  of external  rad ia to rs  caused 
by micronieteoroid penetration.* (6) 

Radiation Protection 

ENPX s h a l l  l i m i t ,  t o  allowable l eve l s ,  the  t o t a l  rad ia t ion  exposure 
dosage t o  OLS crew members.*(6) 

Aerothermodynamic Protection 

1. ENPS s h a l l  p ro tec t  t he  OLS during boost from aerothermodynamic 
e f f ec t s  (heating and pressure) t h a t  can impair mission 
performance .*(7) 

2. Boost-protective devices t h a t  impair mission performance 
s h a l l  be discarded p r io r  t o  ea r th  o rb i t  insertion.*(6) 

7.7.2 Performance Requirements 

Thermal Protection 

1. The minimum i n t e r i o r  wal l  and equipment surface temperatures 
s h a l l  be l imi ted t o  57 ~ . * ( 8 )  

Note: ECLSS s h a l l  provide a radiant  heat s ink  of 65 F 
minimm i n  the  OLS in t e r i o r .  

*For ra t ionale ,  r e f e r  t o  specif ied item nuiber i n  Section 7.7.5 

SD 71-207 
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2 ,  The representative OLS heat r e j ec t i on  requirements 
are  given i n  Table 7-17. 

Table 7-17. Heat Rejection ~equirements++(2) 

EPS Efficiency 
Dis t r ibut ion 
Fuel c e l l  

3, The external  environmental heat loads t o  t he  i n t e r n a l  
volume are  assumed t o  be zero f o r  the  purposes of 
thermal protect ion evaluation because t h e i r  ac tua l  
magnitude i s  small by comparison t o  OLS generated 
loads. 

4, The i n t e r i o r  walls of unpressurized areas of the  OLS 
s h a l l  be maintained a t  t he  pressure wal l  temperature .*(3) 

5. The heat loads on t he  modules of t he  der ivat ive  OLS 
configuration a re  given i n  Table 7-18. 

Mierorneteoroid Protection 

1, Protect ion t o  a p robab i l i ty  of 0.9 of no micrometeoroid 
penetra t ion of crew or  systems compartment f o r  10 years 
s h a l l  be provided.*(g) 

2, Pressurized storage vessels s h a l l  be protected from 
f a i l u r e  caused by micrometeoroid impact.*(g) 

*For ra t ionale ,  r e f e r  t o  the  spec i f ied  i tem number i n  Section 7.7.5 
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Table 7-18. Derivative OLS Module Heat Loads 

Module Heat Load (kw) 
1 

Cargo Module 
Core 1A 
Core 1 B  
Control Center Module 1 
Control Center Module 2 
Galley Module 
Crew Quarters Module 1 
Crew Quarters Module 2 
Power Module 

Radiation Protect ion 

1. The crew rad ia t ion  dose s h a l l  be l imi ted  t o  t he  following: *(g) 

A l l  Doses i n  rem 

Note: *This l i m i t  may be doubled i f  t he  crewman i s  not 
exposed t o  any fur ther  rad ia t ion  f o r  the  succeeding 
12 months following t he  one-year counted f o r  exposure 
(i. e . , no more than 80 rem i n  a 24-month period).  

2. The ENPS s h a l l  provide f o r  a so l a r  storm she l t e r  with the  
required shie lding t o  limit the  crew rad ia t ion  dose t o  the  
above leve l s  .*(l2) 

Aer o t h e r m ~ d ~ a m i  c Protect  ion 

1. Aerodynamic heating l imi ta t ions  and aerodynamic pressure 
l imi ta t ions  are  a function of launch vehicle configuration, 
launch t ra jec tory ,  and launch vehicle charac te r i s t i cs  .*(7) 

2. Boost protect ive  cover s h a l l  be je t t i soned.  Disposal s h a l l  
be such t h a t  a f t e r  e jec t ion  there  s h a l l  be no recontact  with 
the  s t a t i o n  or launch vehicle .* (6) 

*For ra t iona le ,  r e f e r  t o  spec i f ied  item n M e r  i n  Section 7.7.5 

7-101 
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7.7.3 

R e l i a b i l i t y  

See Section 2.2. 

Mainta inabi l i ty  

The capab i l i ty  of replacing damaged meteoroid bumper panels s h a l l  be 
provided,*(6) 

Useful L i fe  

See Section 2.2. 

Environment 

See Section 2.2. 

Human Perf orrnance 

See Section 2.2. 

Safety  

See Section 2.3. 

7.7.4 

Experiment Provisions 

Environmental protect ion s h a l l  be provided f o r  i n t e g r a l  experiments as ' 

p a r t  of t he  normal protect ion f o r  t he  OLS. Radiation protect ion s h a l l  be 
provided f o r  s to red  experiment f i l m  t o  t he  extent  required. Environmental 
p ro tec t ion  of in-use equipment and subsa t e l l i t e s  s h a l l  be provided by t he  
experiment, 

The s t ruc ture  s h a l l  provide f o r  t h e  so l a r  storm s h e l t e r  required t o  
meet t he  r ad i a t i on  dose limits specif ied above. 

E l e c t r i c a l  Power Subsystem 

The EPS must provide t he  environmental protect ion subsystem with 335 
watts overa l l  mission average e l e c t r i c a l  power.*(ll) 

"For ra%ionale,  r e f e r  t o  spec i f ied  item number i n  Section 7.7.5 

SD 71-207 
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Environmental ~ o n t r o l / ~ i f e  Support Subsystem 

1. ECLSS s h a l l  maintain a mean i n t e r n a l  radiant  temperature of 
70 F nominal, 65 F minimum, and 75 F maximum.* (2) 

2. The s t a t i o n  atmosphere dew point  temperature s h a l l  not exceed 
57 F maximum. No condensation s h a l l  be allowed t o  form on 
i n t e r n a l  surfaces.*(8) 

Information Subsystem 

1. The environmental p ro tec t ion  subsystem s h a l l  provide t h e  
following quan t i t i es  and types of measurements t o  t h e  ISS: 

Type Quant i ty  

Operational 
Additional f a u l t  i s o l a t i o n  

Total  analog 410 

The ISS s h a l l  provide comands t o  t h e  environmental 
protect ion subsystem. A l l  commands s h a l l  be low-level 
d i g i t a l  log ic  pulses. 

2. The so l a r  storm s h e l t e r  s h a l l  incorporate t h e  backup 
control  center consoles t o  permit t he  crew t o  maintain 
t h e  minimum required s t a t i o n  operations during a major 
s o l a r  f l a r e  event. 

Reaction Control Subsystem 

The environmental protect ion subsystem must p ro tec t  t he  RCS cryogenic 
tanks from penetra t ion by micrometeoroids. The heat l eak  t o  t he  cryogenic 
tanks s h a l l  be control led t o  b o i l  off an amount appropriate t o  t he  usage 
demands. 

Guidance and Control Subsystem 

The environmental protect ion subsystem s h a l l  provide protect ion t o  
ex te rna l ly  mounted guidance and control  subsystem sensors during prelaunch 
and launches phases . 

Additionally, protect ion s h a l l  be provided f o r  standby redundant 
ex te rna l  G&C sensors during a11 other phases. Such pro tec t ion  s h a l l  be 
designed t o  provide means f o r  per iodic  i n f l i g h t  checks of standby devices, 

"For ra t iona le ,  r e f e r  t o  spec i f ied  item number i n  Section 7.7.5 
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Docking Provisions 

At each docking port, the docking function shall provide the attach- 
ment points so that the environmental protection subsystem can provide a 
docking port cover. This cover is required to protect the docking port 
against aerodynamic and boost loads during launch and to provide on-orbit 
protection from micrometeoroids when the docking port is not in use. Fro- 
visions shall be made for OLS remote opening of the protective cover at two 
docking ports for the initial docking operation. 

Crew Habitability 

1. Provide thermal and meteoroid protection. 

2 Provide radiation protection. 

Radiation protection shall be provided to limit crew radiation dosage 
as specified below (all doses in rem). 

*This limit may be doubled if the crewman is not exposed 
to any fbrther radiation for the succeeding 12 months 
following the one year counted for exposure (e.g., no 
more than 80 rem in a 24-month period). 

~epth/~eriod 

Skin (0.1 mm) 
Eye (3 m - 4  
 arrow (5 cm) 

The rate limit for radiation from all artificial sources shall not 
exceed 0.15 rem/day. 

7.7.5 Rationale 

Career 

2400 
1200 
4 00 

I. This is required to maintain acceptable environment, precluding 
condensation on walls, to ensure operability and reliability. 

2, These requirements essentially establish the major interfaces 
between ECLSS and thermal protection and usually provide the 
major driver to the passive thermal/structural design ( e . g . , 
insulation, thermal conductance control of structure, coatings, 
etc .). 

Year 

24 0 
120 
40-3t 

3 .  Unpressurized volumes are used for storage. Wall temperatures 
are stabilized to requirements of the stores. 

30 DWS 

150 
75 
25 

4. From the Guidelines and Constraints document; imposed to elimin- 
ate thermal interferences in mission planning or objective. 
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From the Guidelines and Constraints document; presence of 
moisture promotes bacteria growth and could freeze on 
depressurization and jam mechanisms. 

This requirement is necessary for crew safety considerations 
and to ensure operability and reliability. 

It is necessary to maintain complete structural integrity 
during boost to ensure crew safety and OLS operability during 
subsequent manned mission phases. 

The Guidelines and Constraints document sets the maximum air 
moisture content at 12 mm Hg of water partial pressure. This 
establishes the dew point temperature at 57 F. 

From the Guidelines and Constraints document; it is necessary 
to ensure safety and operability. 

Fault isolation, repair, maintenance, checkout, monitoring, ete,, 
will be performed on data supplied by electrically powered instru- 
mentation. 

Provides boundary temperatures upon which to base the passive 
thermal/structural design. Power requirement from Electrical 
Load Analysis of Section 7.3. 

Due to the nature of the radiation environment in lunar orbit, 
a storm shelter must be provided in which the crew can take 
refuge during major solar flare events. For further discussion, 
see the Radiation Protection section of Volume IV. 




